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PREFACE. 



A New Eoitiun of iiiy Lcctarve oix ElecLricity having been called fur, 
I Uav» devotctl a coasiderabio portiou of my loisuro to the preparation 
of a publication wliich eliould, iu some degree, present a popular view 
of the present btate uf this most iuterebting bcience. So rapid, how- 
ever, has been the progress of EluDtricity during tlie labt few years, and 
great has been the accumulation of valuable facts, that on looking 
over the fonucr edition^ witli a view to the compilation of the present, 
1 found that the general plan of the work waa far too limited to enable 
me to do anything like justice either to the science or to the reader; 
1 have, therefore, bo completely revised it, that the present volume may 
ooimdend a new work, bearing but little reecmblancc to the Inst, 
perhaps in ita popular cluiracter. The quantity of matter liaa 
considerably inoroasod ; but although the proficnt aeries uf lectures 
ii>or« than twice tm comprehensive as the former, no one can he 
«Hvo than myself to the fact, that it is far from giving a fojnpUte 
Ticw of the present slate of electrical science. Becquerel'a Treatise on Elec- 
tricity ejctendfl through eight volumes, and can any one say that even hti 
exhausted the subject ? From bo rich and ample a store, the selection 
of a eericfl of topics, which should embmco those points of electrical science 
which might most please the general reader has been by no means an easy 
U»k, nor do I pretend to have been completely successful : some will, I 
oomplain that I have omitted many facts that ought to have been 
bnt few, I believe, will say that I have inserted anything 
of inttrett, Ilad it seemed ad^nsable to have addefl a second 
loino I should have performed my task with greater ease to myself, 
and perhaps with more satisfaction to some of my readers. But such 
an extension of the work would have injured its usefulness, by nccc»- 
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ttarlly iDcrcaaing the price; and it wuuM Iiavo dostroyed the diameter 
witli which it lias been my wish that tho work sliould go forth, viz. : 
that of giving a siiccinct account of some of the most important facU 
relating to electrical Boienco. For the oonvonience of refercooe I have 
followed tho plan which I am glad to Boe is becoming more general with 
writers on scientific subjects, that of arranging the lectures in paragraphs ; 
oxperienoe has taught me to appreciate tlie value of those helps, and I 
trust they will ore long be tmivcrtally adopted. 

In order to keep pace, in some degree, with the progvBM oC IIm 
science, I have introduced in an Appendix, a condensed account of some 
of the most important electrical papcra that have appeared during Uio 
progress of this work through the press, though too late to occupy 
their proper places in the preceding pages i amongst these I wish 
especially to allude to a paper on the " Gaseous Voltaic Battery/* 
by Professor Grovo ; also to on extract from a valuable essay on 
" Thundcr-Storms," by William Snow Harris, Esq., to whom I take 
this opportunity of offering zny thanks for many valuable sug- 
gestions, and for the obliging manner in which he has on several 
occasions favoured roc with his assistance. 

To the last number of tho Electrical Magazine (a now and valuable 
periodical, conducted by Mr. Charles V. Walker,) I am indebted for 
the detcription of the extraordinary olectriciU machine which occupiea 
a conspicuous place iu the Frontispiece, a drawing of which tho 
Directors of tlic Polytcchuic kindly permitted to bo taken &om tho 
machine now exhibiting at the Institution. 

Those who are in possession of the former edition will perceive that 
tho number of woodcuts iu the present volume is nearly tr^hlcd^ which 
cirouinstonce, together with many unavoidable dehiys during the pru- 
gieou of the work through tho pross will, I trust, be reeeivod as an 
excuse for its somewhat tardy ajif>L'araneo. It is, however, nt la«t 
finished; and 1 suhniit it to the public, with tho hope that it may 
ivceive at their hands, the same favour^ wliich was enjoyed by jta 
predeoeftKir. 
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LECTURE L 

EI^CTRICITY. 

torli!*) Sketch — Primary phenomena — Electric Hjrht — Conductors anil non- 
rondiictnri — The t/rrms Vitreous and ]U'«ii)ou«, and Punitive and NfgBlivc — One 
lilnd •>f EJtctricity tiuuiut be produced without the otlipr— EU'<:truiici.ii»e»i — 
ElPclridiy gel in oiotion by vvery fonii of meclianic&l change — Attrncitnii unJ 
rv]iulftiou — Omlnntti's electrometer — Distribution of Electricity — liitcuiity of 
EWlrldty UlstrilMitcU on the nirfaccs of bodica depexulfnt oii their fonui — 
tnductiuo — The gold leof electroscope — Electrophorut — Komduy's cipcrl- 
numta uid new views of tltc nftture of Inductive action — Appllcntton thereof 
to tlie explanation of electrical phennmnui — Theory of the condeuur — Practical 
dtnjntutnitloD of the mechanism of iiidoctlve action — Eli'CtrieiU luuchhiea — 
— Aiimlgam — Tlicory of the octlon of the eleclricul machine — ExpcriineDts 
lllmtntiitig the principle and action of thv electrical machiuo. 



(I) TiiKUB lis perhaps no branch of experimental phi!oB<iphy which ii 
rrceivtnl by persona of alt ages nith greater pleasure thuii Klecinciiy. 
Thif ruasotis are obvious. It is tht^ vciencp fnisccptible of tho nuxst 
femiUar df monstration, and ita pliennmenat frnin the tairikiiig And 
ocular manner in which tUvy are presented, are calculated to arrest the 
attcntiou and brcomo Hxed on the mind moro powerfully than those of 
* r ^eiicc. To tilis nmy bo added its connexion with the nif«t 
uid awful of the ngenciea uf nature ; ite scerei and hidden 
influFDCv in promoting at one time the deeomposition of bodies, and ftt 
-■■ ' itno liieir re-fomiation ; at one time, in its cnrreiit form CAUHing 
at« of water to separate, and e;thibiting them in tho form of 
• ; Bod at another time, in its coudentwd form canning thij^e'wuno 
to ro-unitc, nnd become again identified ¥(ilU in&Xqt ; wovi^ \tv \\& 

f) 
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current form, exhibiting tlie moat won<lcrfu1 and eorhetimes tcrrtW© 
cfi'ects on the muscles ami linibs uf dead aniuials, and now in iia con- 
densed form moving with a velocity that la beyond conception throngh 
the living body, and communicating a shock through fifty or a thouvand 
persons at the same inijtani ; now exhibiting its niiglity powers in ihu 
fearful thunder-storm, and now working slowly and qoictly in tlio 
development of beautiful cryBtala. With such varied fmbjectn for 
contemplation and admiration, it is no wonder if Electricity sliuuld bo a 
favourite and fascinating study. 

(2) The statement that Electricity ia a science susceptible of familiar 
demonstration, roust be understood in reference to its general law* only ; 
for, 00 with other branches of natural philosophy, the inrcstigation of 
ita particular details, the analysis of its laws of induction, distribution, 
attraction and repulsion, &c., are each matters requiring the reaonrccs 
of mathematics, and fitted for the study of the profuund philosupher 
only. With such subjects we have however obviously little to do in 
tho foUovraig lecture^ the design of which ia to give a popular account 
of the present state of tho sciences on which thoy are to treat, and to 
show their couuexion with each other. 

(3) Common, or statical Electricity, with which we ehall first bo 
engaged, although occupying so prominent a place in modem science, 
waa quite unknown to the philosophers of olden tinics, and may bo 
aaid to date its ootranco into physios about the beginning of the 
eighteenth century. In the writings of Pliny aikd 'i'hcophrai>tn6 we 
meet with some remarks on the attractive power of amber and lyu- 
ourium stone (<>uppoBcd to bo the same with the modem touniialinc) 
for light substances when nibbed, but no attempt to explain thi« 
property is mode* In the year I GOO, Dr. Gilbert publialicd a work ou 
nagnetijim, in which lie meuliouod boveral new facts attribut«hle to 
dectrical agency, and greatly increased the knowledge uf Hubstances 
oapable of acquiring ch'ctrical properties. Thiis drew tho attcntiuu of 
philosophers to tlio eubjoct. and it wa» tn 1730 that the true foun* 
dation of Electricity wob laid by Mr. Stephen Orey, a pentiioticr of Um 
Charter IIuuiiO, who, impelled by enthusiasm, engaged in a rounio uf 
experimental researches, in which Homo gcaeml principles producing 
important eOects on Kubuequont investigations were developed. 

(4) The most considerable discovery made by iirry was, that all 
oiaterial substanoes might with refcreiico to electrical plirnonicna bo 
reduced to two claasea, tUciria and non-tf/ecfrtec, tbo latter acquiring 
the electric state by contact with tho former when flxeibod by friction* 
lie also discovered the insulating prr>]>erty of ftilk,min,glaas, h&tr,^-o«, 
and ihefaet^ though not ^e princi)44^ of imtuctioD, Ho waa al«o va 
the threshold of the discovery of the existtnoo of the (wo oppeaila 
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KlrcincitloR, tvliicli lionour was liowev^r reserved for liis more \nUf\- 
li^nal conterapi>raiy. Dnfaje. 

(,<) This sagaciou-i philosopher re-produotd in a more definite form 
iW principles of attraction and repiiUion, previously announced by Ott'> 
Oatfricke, He excluded tlie class of substances called elpclnea, and 
proTcd that conductors as well aa non-conduct on may be excited by 
fnction. provided tliey arc in«iilftte<l. But his grand discovery woa tho 
VIM aboTc aUuded to : that of the^two diiitinct kinds of Elcciricityf ono 
of which ho called v'Urcuus^ or that of glass, rock-crystal, precioiui 
GR, bair of animals, wool, and many other bodies; and the other 
noHt^ that of atnbcr, copal, gum-]ac, silk-thread, paper, and a vast 
number of other substances. He showed tliat bodies baring the same 
kind of Electricity repel encii otber^ but attract bodies charged with 
EJwciricity of tlie other kiml ; and ho proposed that tost of the state 
of the Electricity of any gi>'eu substance which has over since his time 
been adhered to, viz. to charge a suspended liglit gubstancc with n 
known Bpticies of Electricity, and then to bring near it the body to be 
fixamiucd. If the suspended substance wa« repelled, the Electricity of 
boih bodies was the B.*ime ; if attracted, it was different. 

(6) Shortly after the time of Dufaye, the Germans appear to have 
tumwl their attention to Electricity, and in the hands of Bozo, Winkler, 
and Gurdon, the electrical machine assumed a form very nearly identical 
with the cylindrical machines of the present day, and very extraordinary 

%tt related to have bfen produced by the improved apparatus. 

(7) It was in the year 17+C that those celebrated exi>erimcntjs 
wliicli drew for many succeeding years tlie almost exclusive attention of 

of science to tho now subject, and which lo<l the way to the intro- 
of tho Le}'deu phial, — were made by Muschenbroek, Ctmeus, 
ftod Kleist, Professor Muschenbroek and his associates having ob- 
isrved that electrified bodies exposed to the atmospliero^ speedily lost 
their ek-ctric virtue, conceived the idea of surrounding them with an 
insahiting substance, by which they thought that their electric power 
might be preserved for a longer time. AVater contained in a glass 
brittle wo* accordingly electrified, but no remarkable results were oh- 
tatDod, till one of the party who was holding the bottle attempted to 
diffngago the wire communicating with the prime conductor of a 
pQpwsf^il mnchinfi ; the oonsequcnoe was, that he received a shock, which, 
thoiuh slight compared with such as are now frequently taken for 
■nBMnNtnt from tho Leydun pliial, his fright mugniBcd and exng- 
^ffswxUA in an amucing manner. In describing the efTect produced on 

towl, Muschenbroek 




hf taking 



gi' 



in a letter to K^aumcr, tliat " he felt himself struck in bis arms, 
•boulte*, nnd breast, so that ho lost his breath, and was two day* 

n2 
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buforb he recovered from the efffCU of tlio blow and tlic tcTror," S(!j!iii|^ 
"he would not loVe a second &hock for tlic kingdom of France-'* 
M. Allamiiiid, on taking a shock, disjlarcd *•* that he lost the use of bis 
breath for some minutes, and thou felt so intense ft pnin alon^ his right 
arm, that he feared permanent injury from it.** Winkler stated tttat 
the first time lie underwent thu experiment, *' he suffered great codtuI- 
fiions through his Widy : thai it put his bl uud into agitation; that ho 
feared au ardent lever, and was ubl'iged to have recourse to oo<>ling 
inediciues !** The lady of this profetotor took the shuck twice, and wa« 
rendered so weak by it, tliat she could hardly wulk. Tlio tliird time it 
gave her bleeding at tl»e nose. Such was the alarm with whicli thetto 
early electrleians were struck, by a sensation which thousatidd have 
since experienced in a much more powerful manner, witiiout lh« 
fihghtcfit inconvenience. It serves to show how cantioua wo diould ba 
in receiving the first accounts of extraordinary diacovcries, where the 
imagination is hkely to be aH'eeted. 

(8) After the first feelings of astonishment wore somewhat abatcd| 
the circumstances which influenced the force of the shock were exa- 
Uiined. Muschenbrock observed that the success of the experiment was 
impaired if the gloss was wet ou the outer surface. Dr. Watson shonretl 
that the shock might bo transmitted through the bodies of aevernl rnea 
touching each other, and that the force of the charge depended on tlio 
extent uf the external »nTfaco of the glass in contact with the hand i>f 
the operator. Dr. Bcvts proved that tin-foil might be Bubstitntetl 9ac- 
ccsafully for the hand outside, and for the water inside the jar ; Ijo coated 
panes of glass in this way, and found that they would recciie Aod 
retain a charge ; and lastly. Dr. Watson coated large jars inside aad 
ontaide with tiu-foil, and thus cunstructi'd what is now known m llio 
Lcyden phial. 

(9) In repeating thu experiments with tlio Loydon phial, Mr. WihKin, 
of Dublin, diaooverod the lau*nd ahock^ having obsirrved that a person 
fliaikding near the cucutt through which Uie Hh<»ck in tranmrnilted would 

'sustain u shock, if ho were only in contact with or even placed very uwir 
any pan of the circuit. Many cxperuiients were uIski mado in France 
and in Kogland to determine the distance tfirough whieh t)iu eU^ctric 
shock could be tramimitted, and many attempts to expluiu t)io pheno* 
mena were made; but it was reserved fur t}io celebrated Autericoa 
philosopher, Franklin, tu do this in a satisfactory manuur. 

(10) It woti In tlic year 17^7 that, in ronM*<{Ueooe uf a commutuca«> 
lion from Mr. Peter Cidliuion, a F»'Uow of the Royal Society cif 
Lundou, to thu Literary Society of Philadelphia, FrankUn ^nl directctl 
faiift attontiou to Elc^^tricity; and Cruai tlmt period till 1754 bin vxprri* 
tUtfctU luid ub»crvaiioDS wvro enihodiod in a scriea of Ictlersy wliiob wur* 
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aftffli«WOiSIeGte<I and publislicd, *' Nothing," Miys Priestley, '* was 
writteii upon the siiliject of Electricit)-, which was more pmerally 
ftml admired in all pnrts of Europe, than those letters. It ia not 
rMtty to wy whether we are most pleased with the simplicity and per- 
l|»tcutty with which they are written, the modesty with which the 
■author proposea every hypothesis of bis own, or the nohle frankness 
with wliicli lie relates his tnistakea when thpy were corrected by subse- 
l»^rifnc'nt«." Tlie opinion adopted by Franklin with respect to 
t ire of KIcctricity differed from that previously submitted by 

Dubya Hts hyputbesis was oa follows : — All budie.s in tlieir natural 
mm chargwi with a certain quantity of Electricity, in each body 
^tttis quantity being of definite amount. This ipiantity of Electrieity is 
maintained in equilibrium upon the body by an attroctinn which the 
portieles of t!io body havo for it, and does not tlierefore exert any 
attraction for other bodien. But a body may be invented with more or 
■icav Clcvtricity tlian KatibHes its attraction. If it pos!?c^cs more, it is 
tcady to give up the surplus to any body which has less, or to share 
it with any body in its natural state ; if it have less, it is ready to take 
from any body in its natural state a part of its Electricity, so that each 
firill havp less than their natural amount. A body having more than 
its natural qtiaotity is electriited /wW/iWy or pltu, and one which has 
is electrified m^otirdtf or minus. One electric fluid only is thua 
tpoeed to exist, and all electrical plienomena arc referable either to its 
accumulation in bodies in quantities more tlian their natural share, or to 
its being withdrawn from them, so as to leave them niinu9 their proper 
|>ortion. Eh.rtrica! excess then represents the vitreous, and electrical 
[^ficiency tlio resinous Electricities of Dufaye : and hence the terms 
ictf and iifgatiee^ for ritrcoux and rejihioiia. The application of this 
to ihe e.xplan.'ition of the I^eydpn phial will ajjpear in its proper 

(11) Dcsidoa tliia theory, wo are indebted to Franklin for tho disco- 

wtry of ibd IdeiUity of lightning and Electricity, for the invention of 

] :ind for the discovery of induction, which latter principle 

trly takL-n uii and pursued tlirougli its consef|ucnoea 

by WiOso and QCpinna, ami soon led to the invention of an instrument, 

Lrwliich in the hands of Vulta became tho cmnlmtcr now so useful in 

tcctroaoopical investigation. 

(J 2) Franklin's hypolhc-sig was investigated mathematically by 

f? ■ -1 - ind Mr. Cavendish between tho years 1759 and 1771. About 

time the electruphonis was oonrtruoted by Volla ; Watson 

iot<»n fnsrd mttaU by Klcctricity, and Beccaria decomjwsed water, 

ij*h at tht> time he had no idea be bad dotic so, supposing it to be 

If olnmont'irv substanuo. 
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9^ TliAt Ailk U B sub&tauce which poaaeases thin power of ia- 
sulAtiiig. 

lU". That Dictallic bodies aud thread fioakcd in salt and w-atcr, do 
noi poBsoes this power. 

(18) Dut certAin other eflfecls attend the rxciiation of gUsH or resiu ; 
if cither hti britiklv rubbed while dry and wanu, in a darkened room, 
lijrht will be perceived ; a slight crtickling noise ^ill bo heard ; and if 
the hand be held near, a sensation similar to that which ia folt whun 
we touch a cobweb, will be experienced. 

(10) The difference which in the previous exporiments we perouvod 
between bodies such as ailk and glass^ and bodina such as cutton, thread, 
aud metal, arises from the forncr conducting Electricity very badly, 
while the latter offer a rtudy pns£>age to the same. On this account 
bodiL-a have been divided into two great groups — 'Ctm<luctort and ntm- 
condttclort ; the former bring in general id(^ntical with anaJ/vtriei, and 
the latter with uUo-efrctrict. But it must be obsorvetl that the line of 
demarcation between these two great classes is by nu means etrictly dc- 
iiiiahlc ; as a large number of substances exist which conduct Klco- 
tricity when present in large i^uantities, but iusulatc it when in 
small. 

(20) Among conducting Bubstanccs may be classed all metalsJ 
water, steam, all animal and vrgctable substances containing water,* 
&c. ; while glass and other vitrifications, gcnii^ resins, suljihur, rovtallto 
oxides, organic substances perfectly free from water, niid ice, are all more or 
lest» perfect non-conductors, ur idco-elcctrics. A substance placed upon a 
nou-conductor, aa on a etool with glass Ic^gs, is said to be inguUned from 
the earth. Atmospheric air must, it is clear, be ranked among non- 
cunducting bodies, for if it gave a free pas6ago to ICIectricity, tliu elec- 
trical effects excited on the snrfooo of any body surrounded vi-ith it 
would (Quickly disappear, and no permanent charge could bo coniuiiM 
iiieated ; but this is contrary to experience. AV^atcr, on the othec^ 
hand, whether in the liquid or vaporous fonn, b a conductor, though 
of on ordt-r very inferior to tliat of the metals ; and as water is alwa\*a 
pn^Mnit in the atmosphere, it affects, in a \ery intportant inatiner, aU 
flcutrical exprnnicnt». Hence, one of the rra!»onH why thcMJ are made 
with mtirc facility, and the de»irrd eflVcie produced with more certainty 
and auecG6a in cold and dry weather, the atxuospbere thru holding but 
little aqueims vapour suspended in it. Another iiijuriouH tunditncy tMM 
the wati'fy vapour \\\ the atuiospliere is that nhich it has to bccomM 
drpufitod on the surfaces of bodira, thereby deatroying their insulating 
power,- — hcnet' the non-coriduct* ' ' 1.i*k cir rtsiiit - i 

p(/rt« tjf dcctxiizol apparatus * . i ved by . s- \ 

tabbing or wiping thrin with « dry^ wanu uloth, or ailk handkerchief: 
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all MipporU uf dvlicuto ynvcea uf npparatua hhould bo coaleil nt^ith a 
r of t^iiiii lac, dlfisulvt'tl ill spirite of wine, on which aqacous 
, tiot lit-portitctl tifiirly 30 rendtly as on glass. 

(21) OpponU El^xtrieitUa, — We have ««ca that excited re!>in and 
c ' ' ' 1 1 Ii tboy both attract light Bubstaiicev, exhibit each a 
H' 'V*. llcticc, the natiie uf resinou:^ Elrctricity as a[>- 
pliied to the fomier, and uf vitrcuua at» 'applied to the Utter. These 
temuf are« however, very nbjoctiuiiable, iinplving, as they do, tlmt 
wbt'ti vitrrons hodii*s are excited, they are always elcctrilied witli one 

of Electricity, and that when reslnuiis bodica are excited, tliey 
always clrctiilJcd witli the other. But this id by no means tlie 
cave ; for exam(de& : 

P. Whrn a gla-^s ro<l is nibbed with a woollen doih, it rc|)el> a pith- 
ball which it had once attracted : but if the cloth be presented it will 
be found U> attract the excited ball. We hence conclude, that aa tho 
ghMi was bitri!Ou$ly electrified, the woollen cloth must be reilnouily 
electrified. 

2«. When a stick of sealing-wax is rubbed with a woollen cloth, it 
a pith ball which it lias once attracted ; but if the cloth be pre- 
ited it will bo found to attract the cxciteit ball, lleikcc, by a biniilar 
rvOftciutD;:, We ate led to the inference that tho cloth is vttreowily 
LtlvctriAed. 

3^. Wheii a piece of polished glass is rubbed first with a woollen 
cloth, and then with the fur of a cat, and examined after each excitation 
by a pith ball, it in found iu the Grat case cUroQuty and in the second, 
rvtintftig, A woollen cloth and a piece of glass may thus: be made to 
ri ih kinds of Klectrieity ; the terms vitreous and ri*«inou3 do 

Ii .. ... . J re convt-y to the miud a proper impression of the nature of 

ibe two fircf^s. 

(22) Tbo tomia positive and ucf/aiin', though they take their origin 
in a ibeorv of Eh*ctricity whicli is not now recognised is compatible 
with obbcrvcd phenomena, arc less objectionable, and have accordingly 

lly in])eT8edf-d the other terrn^. Positicc Electricity, then, is thai 

rbicli » produced upon polished glass when rubbed witii a woollen 

nib ; and ut^ntiec Electricity is that which is produced upon a stick of 

;-w»x when rubbed. One kind 0/ EUctricity cannot he produced 

i^ itther ; and of tico tuft$tan€^» tchieh^ Ay fntttual /rUtimi^ 

[#_ fricitjf, ofur it iiirariMj/ pcaitice^ and M# other 3n:ffatie«^4i/t€r 

Ii- ../. 

(ltd) A ]Mth ball, snspcntled by a silken thread is, in ordinary 
•utCci'-iit ti-i d' I rpsence and a^M-citrs of Electricity on any 

ly. It niuil Cii^t ^, d by an excited glass rod, and the bi«]y 

tu be uauimiucd brought uvai it : if it attract tho bull, then itfi Electricity 
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IB fufftUtM ; if it repel it, it ia potitine; if it liavo no effuct oo 
bftU it is not eloctriticd, or at lea^t not sufiicieiitly so to produce a furoo 
stroug enough to overcome tbc rigidity uf tlie silkvu Hiring. A iiiupd de- 
licato test — the gold leaf electroscope, must then be applied ; bnt yit 
not yet prepared fur the rationale of this elegant itistrumeut. 

(24) An immense number of e.X[>erimeuts have been made with 
view to the discovery of the' physical circumstances which detemii 
the species of Electticity which different substances acquire; but,' 
liitlierto, this inquiry has not been attended with very sntisfactory 
seeults. or the subiftancea exhibited in tlie table below, any one, wbi 
rubl>ed againat the body inimcdiatcly beneatli it, becomes pocitivfil] 
electrified, and therefore the other oegativcly. 



1. 


Fur of tiic cit. 


6. 


Paper. 


2. 


Polinlied glass. 


7. 


Silk. 


3. 


Woollen cloth. 


8. 


Gnm lac. 


4. 


Feathers. 


fl. 


Rough gloss 


5. 


Wood. 







Thi« list wo.*) derived from direct experiment : it exiiihita fiicts whicl 
wo have no means whatever of cxphuning ; that for instance of ft pieoej 
of polished gloss being invariably po&itive when rubbed against a pi 
that is rough, and ^Ice. tend. 

(25) If two persons stand on two stools with glass Irga, and oi 
strike the othtr two or three times with a well-dried catVfur, ho thj 
strikes will have bin body charged ponfhcli/, and he that is struck will 
be electrified ncgaticely, A Fpark may, in fact, be obtiuncd from tlio 
face of either, by a person in contact with earth. There is no sabstAOos 
80 easily excited as the fur of a t^t ; and mo-st persons are aware of the 
fact^ iluit if in dry weather tlie hand be passed briskly over the back 
of a living cat, the hairs will frequently bristle, nud be attracted by tlid^ 
hand, and sometimes a oraekltng noise will be heard, aud a spark] 
obtained. These sffocts are occasionally observed witli the human] 
hair, which, when clean, dry, and froc from grease, is electrified witU^ 
great facility by friction, and this is especially tltc case with lair hair,j 
which is in general fine and pliable. Even iu damp weather, if a 
stand on an insuhiting stool, and connect himself with a eont 
cionriecte<l with a goUl Iraf Electroscope, (Fig. n) and ony one stamKnig 
on the floor draw a C4mili rapidly Uirough his hair, on drawing bock 
the uninsulated ptate of the condenser, the pM leaves of the Eleotm- 
scope will diverge witli pfmtifi\ Rb-ctricity: if the person using Um 
comb, stand ou the stool, and connect himself with the conduuser. 
be comliM, Uio gold loaws v"' \ith rt&^iif<- "^ 'rity. In drjr] 

weather the cimdeoaor is noi utr this i\| 

(SC) But it is not by friction alone that Electricity is ssi bvo; tlm] 



uYJTrvmn s. 



U 



KJcctrictty of n substance is disturbed by nlmoEt every fonn of 
tziLX'lianlca] clmnge to which it can bo submittc<l ; mere prf*ssurp ia quite 
titiBcieut for the purpose. If two pieces of cominnn window glow he 
pitaaed firmly Uigrlhcr, and in this state lironght near n gold leaf clcc- 
tnrnictvr, no dit^turbanoe of tUo loavps will ensue ; but if tlicy bo snd- 
dvnly 9iepa.r»t«d, and one piece brought near tbo electrometer, (being 
lu.4d by a handle of »ealing-wax) the presence of free Eieetricity will bo 
dmiuu^ttniUHl — one piece proving to bo positive, and the other 
m'gative. 

If «ulpliur be pornred whilst melted into a conical gloes, and fur- 
nibbed with ail insulatin|r liandle, or a piece of glat^e or silk, it will, 
wtiefi cold, indicate no free Electricity, but on removing the cone of 
fiQlptiur from the glass, and presenting it to tlie electroficnpp, it will bo 
ftmud to be negatively cxeited, the glass itself being positive. 

S>ii)fl minerals, as the tounnaline, become electrical by being heated; 
aoii if a blast of air be directed by a bellows against a plate of gla^s, 
it will csQAe it to aseonic an electrical condition, 

{TJ) AUraelifjn and RepnUion. — U was znentioned 
( 1 3) that the law of electrical attraction and repulsion 
was determined by Coulonib, witli the aid of his Tor- 
ftion Electrometer. This exquisite contrivance is showTi 
tn Fiif. 2. a, //, ie a thread of silk, or spun glafes, 
£rum which a noodle of shell lac, c, is sospcnded ; 
it attacbed to the screw d^ by which it can 1»o 
twiftcxl roniid it8 axis. The needle carries a gilt ball 
of pith, or a diw: of paper at one extremity, which 
i» lnaJanoed by a counterpoise on the other ; ^ is a 
tneiAlUc wire jUKwing through the glass sliftde, and 
tortninated by a metallic ball at each end. The ball 
of the nccdio and the interior brass ball of the wiro 
mro brought into contact by turning the hctdw //, and 
Uui index then ftoints to on the scale which is 
marked upon the circumference of the glass. 

(21*) To use tliib in*lninient to detect the presence of free Electricity, 
tb« rod ^ i« rvmovisl, and the boll brought into contact with the sub- 
StADCo whoee Elwtricity is to be examined ; the ball acquires some of 
llw 6oe doctric tluid, and *tn being placed in the glass cage, it commu- 
■InUas WMiMj «f its Electricity to thv ball tcnninating the horizontal 
1WBd]« c : tbo two, being eimilurly electrified, ropel each other, and as 
9 w fixed, f ncooiwarily innves and describea a certain angle, which 
it irtaina nulil it lose^ its Electricity : to measure the quantity of Elec- 
Ir" — - '^ry act^uired, tlie screw to which the silk or gla.sa thread 
1 I U turned round until by tbo torsioa or twisting of 
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tlio thread tlio ball of e is compelled to come into contact vnth that of] 
tf. Tlie number of degrees described by the index fixed to the r 
ftctew gives an ftp[»roximation to the proportion of KIcctricity .>■ - 
by the ball of tt dnring its contact with the electrified body. The deli- 
cacy of tliis instrument is such, that a forci* amounting to Ic^n than ilia 
20,000,0i)0tli part of a grain can be rendered actually obw;rvable. 

(2D) By & series of carefully conducted cxporinitrnta with tIaU 
instniment, Coulomb succeeded in establiehing the univereatity of the 
law, *' t/ial MUji dcctrijUd by timilar ATt'c/riVi/iV* repel ^acJi uthcr icith 
a f^rce tliai liiminifhe^ in the itamff proportion a* the i/r/itare of the dU* 
tanc^s ttfticcnn them it incrtatcd" and *' that titc mutual attraction or 
r*puUion ofttco tUeirtJied bodv^n U tlirtctly ftrtfjtortiona! to ih^f gtuttiiifjf 
uf Elfr.tricittf on thr other., ami i/iverteljf proportional to tlu! aquarc of M« 
diitancc tjcttcct-n them" 

(30) DiMtribution of ElertricUy. — When a substance beooom 
char}^ vrtth Electricity, il is extremely probable that tlie fluid is cdo* 
fined to its ^irfaco, or, at any rale, tliat it does not penetrnte into thi* 
mass to any extent. A bull formed of any material will be equally 
electrified whether it be swjlid or hollow, and if it l^e hollow, the char^ 
which it reecivea from any source of Eleelrieity will bo the samo 
whether the bIioII of in:»tter of which it is fonncd bo thick or thin. 

To dcmonstnite practically the diftributioo of Electricity on tho sur- 
face of a conductor, the following apparatus wm contrived by BioT :— 
A sphere of conducting mat- Fio, 3. 

ter a, iu insulated by a »ilk 
thread, and two thin hollow 
covers b &, made of gilt > 

paper or tin, thin paper or 
copper, are provided with 
glass handles r c , and corres- "^ 

pond with the shape and magnitude of tlio conductor. Tlio sphere a w 
rlcctrified, and the covers are then applied, being hclil by the glaat 
handles. After wilbdrnwing thcni from «, they arc found to b» 
churgcd with tho same kind of Electricity aa was c<nnmunicated to a, 
which will ]m found to have lost the ichoU of its eharrft^ proviD|( 
that it rcsidcfl on the aiirface only. 

(31) Bnt althongh Electricity may be cuusldered as confined to thfb 
siirfaces of bodies, iti intfusity is not on everj- purl th'i unme. On 
A «{>lierr, of eour»u tlie bymmetry of the figure rcndiTi the uniform di»- 
tribntion of Electricity upon it inevitable; but if it be an id>long 
spheroid, the intensity U .it at the pohtH, Imi r ' * wio 
cqnator. A (•till mote r.v, i<>n of Electricity at i >>!. 
tics takes place in bodiea of a cylindric or prismatic foni>, and Ui« mor 
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watt ll»ou leiiglti licars a grcstor proportion to tlioir brcodtlt. Coulomb 
hitmUli^ a circular cytimicr two inclii^ in tlinmctcr and thirty incla-M 
ia Ivn^ii, of ^vhich the ends were hetiiibjiherical ; nnd on eurn|>aring 
tlii* iiiiuntitictf uf Electricity eoUccteU at the centre and at puinta 
ikcof tlic OAtKiiiitieet, he obtained the following rcsultd : — At two inches 
from the extremity the Electricity wa^ to timt at the centrt! as I ) to 1 . 
Ax one Inch frum tlio oxtrcinlty it was as 1 j to 1, and at lli» extremity 
it watf as 2^Q to 1. From tliti ubservatioua *)f the aanic expenuieulur:^!, 
il sppedn limt the depth of tho electric fluid on a conductor always 
tnCRftMs in a rapid pn^jxtrtton in approaching the edges, and tliat tha 
cftld 18 ^ill mnrc augmented at comers, which may be regarded 
Bs (wo edges cnmbined ; the ejOTeot is still farther increased if any part of 
a conductor have the form of a point. Now, the pre^^sure of the air is 
prububly the only force whicli retains llio electric fluid on a conductor, 
auti it is evident that if at tho edges, comers, or angular puints 
of a cnnditctor, the electric depth be so much increased tliat tlie force 
of the electric fluid shall exceed the restraining pre&sure of the atmo- 
sphere, the Electricity mual escaiMJ. Accordingly, it is found practically 
icu]>o»iblo to accumuhite any quantity of Electricity on a conductor 
famished with points, aa will be proved hereafter. 

(3-') iruhiftion, — AmoDgat tlio earliest manifestations of the pheno- 
of Klectricity, effecta were rendered apparent which proved that 
between two bodies was not absolutely requisite to cause them 
til attume the electrical !»tate ; but, on tho contrary, it was found that 
force or agency o^^HTates at defiuite distances, produoinfj^ distinct 
lianical effeela. Thus an eleetriHed body, or an excited rod of glass or 

ling-wax, when brought near to bits of paper, feathers, or other li^ht 

», caii^ii.'^ them to move towar<U it, and if presented to a i^mall 

dcU uuclectn6ed ball, it draws it a^ide from the vertical position. 

(30) Did it hap[>cu tluit these attnurtioiis atid repulsione took placo 
bvtvteen doctfiticd budies only, the natural inference would bo, that the 
fc)ro(w arc exerted between the electric Huid on one body and tho 
eivctnc fluid on the other; but since an cleetriBed budy exhibits an 
aiLraiC:tioti for bodies nut electrified, it would seem that the fluid 
ii'~' ' 'T an electrified U)dy exerts an attraction on tho matter 
«>{ "l cltcLriHed. Hut it has been H^itiafaetorily ascertained that 

11m) EltfCtiicity dilTuscd on a body is retained there not by any proper 
AlUanioo existing between the eloctrio fluid and the matter of the 
8tt#!y, lint merely by the prcfisnre of the surrounding utmosphere. 

,Kiaing a pith-ball to Ikj insulated by a filament of silk, and elec- 
iiUii^i, wo know by experience that if another similar but nueleetrified 
pith ball be brought near, an attractive foruu will bo exhibited ; but if 
it ht tmo that there exist no attraction between the Electricity diflnsed 
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oil the pitli (mil nntl llic nmtter of tlie pitlif linw can it bi* ifna| 
that there should exist aiiy uttrnction between it and the other pitli' 
Wit ? But yet the attractive effects ore certain : how, then, ore thoy 
to be ex|)1uhie(l 7 

(3i) Li't U0 Unt examine the condition of fixed bodies: — Lei I 
d a e Fig. -i, bo a ooDduoting body, Fig. 4« 

such AS a oyliiuU-r of brass, pupportcd 
on a glafls stand, and furnished witli a 
pith ball electrodcopc, and let e bo an 
excited gUss tube. On approaching 
this tube within about six inches dtd- 
tant from f/, the pilii balls will iu- 
Btoutly separate, indicating the pre- 
sence of free Elootrioity. Now, in thia 
case the electric r has not been bronn;lit 
nufficiently near to the C4)nducting 
body to communicate to it n portion of Electricity, and tho fuomenc 
that it is removwl to a constdorablo dietanco thv ImUs fall iDgcthnr, and 
appear uneleclrified ; on ajiprooching e tn (/ the ballrf a^^ain divcrgr, and 
SO on. Tlie fact is, this is a case of what is termed induction^ t\\c 
positive Electricity of e decomposes tho neutral and latent combinatinn 
\n d a Cy attracting the negative towards r/, and ro|)cUiiig thn posiUva 
towards e, and tho balls conscquortlly diverjjo. being positively eUH.'trifirt!- 
On removing € tho force which iM.*i>aratcd tlic two Electricitieii tn ti n e 
is removed^ the H>]>aratvd elements rv-unite, tieutndity is resturrd, and 
the pith balls fall together. Tho Electricity of t> induces a change in 
the electric state of d e. 

la Figr 5, siipiwM #• to 
be two metallic insniated 
spberBSi and a a' an inan • 
lated mctaltio conductor ; 
suppose j» to be strongly 
charged with ponitivc, and 
/ with negative Electricity, 
and placed in the position 
represented in tho figure. 
If (I a' Iw eiamtned by miyms 
of an clectrunifter, it will 1>« found that the <m1y part whielKl 
is free from Electricity is the oentre o, that half of the ooiM]uct<»r 
fxt«Yiding from o ttt n id eli*etrified negatively, and that half ext^ndilig 
from tu a' in elcctrilied positively. Tho intensities of tho opposite I 
electricities at the extremities viill be found to be «ptal, and at vny 
point* equally distant from ibo centre, as p;/, tlie depths of tJic 
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fluid ^!l be equal, and iho ulectric ctato of each lialf niay he 
rcprrecnkd by the ordinatcs p m, p' m' of two branches of * 
QVrre which an> precioi-ly Hiinllur and c<]uiU. 

-;, 7, and S, suppose A A' to be a 
, .iud the curves of the circles U K' 
thorae brandies, the ordinate^ of which mprcscnt 
the densities of ihe Electricity inducctl upon it 
by the spiieree «/, (Fig. 5) ; by gradually ru* 
moTtag theoo in an equal mauner, the curves 
win bvoomo lest* and less concave, and the ordi- 
naftOt eOTTucity represent the dlininialied density. 
Bat if the fq)hcrea bo made to apjiroacli the 
cnntluctort the accumulation of Electricity 
tuwartia the cktreuiitics wWX be increased, and the curvo rcpresonttng 
the electrical den^iilies will take the fonn in Fiff, 8, 

(33) These results 6tron;,dy contirm the idea of the existence of two 
elpcirlc fluids nntfomily diatrihutcd in equal proportions over a body in 
lis roit- ' lud (he c<fudu{^tor ojinportu itttlf i'.etjrt/j/ as it iJUo- 

rtticfii '' trhoi rAuryt^i trii/t ctjital t/ttandtie^ of the omtrartf 

£Uctf 
,(36) " «" '■aw Milt, when an excited tubo of glaw was approached to 
•jctn<mity of nn insulato*l conductor, it caused the pith balls sua- 
pended from the other end to diverge. Now, on examining the con- 
ductor, it is found that the end nearer the positively excited electric 
Lm b«coiwo nt(f(Hle<\ and the opposite end positive^ while an ititer- 
iatc xone is neutral and unolectrified. AVe found also that when 
czdtcd gloss wad removed, all signs of Electricity iu the conductor 
TUliahed. I^et us pnrMie tliis exiwrimcnt a little further. Wiiilst the 
eonductur \\ under tlio infttienec of the excited g1:VK8, touch it with the 
fingtrr, tlie pith ImhIIs will cullajiso because the positive Electricity 
mnnihjt itfF by the fioger, escapes to the earth and is lost. The ncga- 
ti^ " ''ity cannot e-tcapc in the same manner, because it is firmly 
\iti opposite end by tlie attractive intiueuce of the excited gloss. 

Now rtmiove the Bnger, leaving the conductor iusulatcd, and ihvn 
reninvu the gloAQ tube, the pith balla will open, and leill remain m; 
but the divL-rgL-nce will be occasioned not as before, by y/<w(7irr, but by 
w^atit^ Electricity. In fact, the whole conductor \» left with u perma- 
li negative charge, the reattun of which is 8iuq>ly explained. By 
ting the conductor with the finger, we remove the positive Elec- 
(ridiy, and by taking away the exeitod glaets tube, we remove the 
I which retains tlie negative at one extremity, and it accordingly 
orcr Uie whole conductor. 

* Larrlner. 
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(8T) The practical detnotislralion of iUv%e 
CtLCte b boat cxhibitinl will) the gold leaf vlw:- 
tro»copOy shuwu with the coudcnscr attached^ 
Fig. 9* Previous to the application of electri- 
6(xl hodiea to this delicate cuutrivanct* as a test, 
we give it a pemiftiicnt charge, exactly in th& 
eanie oianner as has jiiiit been described lAnth 
the pitli balls; and oa great attcntiuii is puiU to 
ineulatiun, in tbo construction of tlie inidru- 
mcnt, it will retain tl»e charge thus given to it 
for a very considerable time, care being taken 
to liavti it ]>erfectly free from those great 
enemies to electrical retention, tfamp and tiuitt. 

To ascertain the electrical state of any body, we bring it near to it 
cap or plate of the electroscope ; if on doing thi* t!ie ;!;oId leaves inci 
their divergence, we know that the Klpotricity of the body under e 
nation is ?w^ir«; bnt if the divergence diiuiuiMbes, we are cerUiiu 
the electrical state is pofUice. 

(38) A very uistructivu and useful iontramojitf depending cm indue* 
tive action, is the elect roph or na, Fig. 10. It consists of tlia*e pc 
a cake of resinous matter, comjKiBod of equal parts of shell lac, Veni 
turpentine, and common resin melted at a gtnitlo heat ; a oondncUnj 
plato or Kulc^ which is a circular metallic plate with n rim about a 
quarter of an inch deep round the e<lge, into which the eorapcwttion i«j 
poured, and a cover whicli is uf metal, provided with a gloaa handlci 

Fio. 10. 




To UM it, the resinous plato is excited by holdiug it in ilia baud tii 
•lantiflg dirvctiuUf and striking it briskly sovend imteA vritli a piet 
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fur or f!annct ; tlio cover is then laid on, and on removing it 

liiajatiiig handlo, it ifi fouud to bare acf|tur(!(] a feeble charge of 

iMyttficNff Eluvtxicily by the cuntact. Let tho metallic plate be rephioed, 

tminjmiatffJ by touching it with tlie ftngor, and on again lifting it 

iy Ita h&ndlo, it will be found to give a strong spark of potithe Eicc- 

ftticity. The proceas may he repeated an unlimited number of times 

• ^nithoat any fresh excitation of tlie plate being required, and indeed 

^%hcr being once tj^ttt^d, a spark may be obtained frnm it during many 

wrclcs^ since the resin acta solely by its inductive influence ou the cum- 

^iNned Qrotricities actually present in the plate. 

(dl>) It niU not be difficult at once to comprehend this. ^Vhen the 
mriallic plate is placed on the excited resin, it cannot be cousiderod to 
be in acttml conttict tHth it^ on account of the iuequalltieH on the 
trCue of the latter. It is therefore in a condition aualagous to that of 
eoadoctof, undor the iufluenco of an clcotriHed surface, its lower 
becoming pottthe^ and its upper surface mytUlcey by induction. 
Wbca it \9 removed from the resin, the separated Electricities rc-unito; 
it V ' !<1ati> is uninsulated, wliile in contact witli the resin, the 

r\ • ^ I >e Electricity escapes into the earth, and the plate l»ocomc8 
itively cbATged. It is thus rendered clear that the Electricity of the 
kble plate is derived not in the way of charge from the roain, but is 
reralt of the process of induction, 
TliQ figure represents Mr, John Phillips's modiBcation of the Elec- 
^iiu|iboni»^ the object of which is to avoid the troable and todiou^ness 
italilishirig a communication between the insulated cover and tho 
(nuth, by means of the finger, when electrical accumulation, orpparka 
la rapid succession, is tho object. Tliree methods are propose<l: tho 
first consists in raising from the metallic basis above the edge of the 
nn, % brass ball and wire, to which the edgo of the cover, or a brass 
npon it, may be applied ; this method is stat^rd to act very well, 
tapecially with smalt covers, which can with eoHo and certainty be 
fUroctrd to any particular point of the solo. The second is to fix a 
foarrow slip of tin-foil A, quite across the surface of the resinous plate, 
uid unite it at each end with the metallic boids. This construction 
rura perfectly and instantaneously, and is very convenient with 
circles^ the covers of which, though uneven, will then bu sure to 
rh some conducting point. Tlie third method is to perforate the 
ions pUte quite through to the metallic basis at tho coutre, and any 
points, and at all those points to insert braaa wirM f, «, c^ with 
lops level with the resin. Tho latter of tlicsu methods is pre- 
•od Mr. riiillips describes au iustrumeut coitstructed ou this 
ipio, wltli a cast-iron ba^ 20*5 inches in diameter, resinous aur- 
]9'75 Inches, and cover 10*25 inches, which yields loud and 

0- 
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flashing sparks two ioches long, and spocdHy cliargirs considfrnblft jars. 
The cover cao bo caaily charged from fifty to one hundred tim*» in • 
minute by merely setting it down and lifting it up, as fast a.9 the 
operator cliooscs, or as the hand can work. In charging a jar or 
plate, one knob of the connecting rod is placed near the insulatiHl aur- 
face of tlie jar, and tlio other some inches abore the coTcr, which is 
altoTDAtcty lifted up and set down, and the jar is thus rery quickly 
i^liarged. 

(40) A very useful mo<Ufication of the THectrophonis of Volta U 
made by coating a thin pane uf glasa on one side with tin-foil to within 
about two inches of the edge, placing it with the coated side on tlio 
LUble : the other sido is to be excited by friction by a piece of silk 
rooTerod with amalgam (62), then carefully lifting the glaas By cot 
corner^ place tt on a badly conducting surface, as a smooth t^ble, or lh« 
cover of a book willi the uneoaud t'uh Jotenwarth, Touch tbo ti»- 
foil with the finger, then carefully elevate the plate with one conwrr, 
and a vivid spark will dart from the coating to any conducting body 
near it : replace the plate, touch it, again elevate it, and a st'cond 8]iark 
will be produced. By this means an electric Leyden jar may sjicedily 
bo charged. This intMlification of the Electn>phoru8, or EU<troU%nHtu^ 
OS it ia called by its inventor, Dr. Golding Bird, is a very useful instru- 
ment in the chemical laboratory. 

(H) It was by an apjiaratus constmcted on the principles of tlw 
Elcctrophorua, that Dr. Faraday euccecdcd in demonstrating that im/eic- 
iitm U essentially a phyttcal artion^ occurring betteren ooniifffiotut par-^ 
iicU9 ntffer taking plac^ at a dUkmce without polanzinff ih* tnoltculti 
of the interveninif dielectric 

(42) When an exciteti glass tube is brought near an inftiilatwl con- 
ductor in which the electric equilibrium is shown to bo disturbed by tbe 
divorgenco of pith balls, we are not to Bupi)Ose that the disturbance is 
occasiont^d by va\ action at a distance ; for it has been shown by Fanulay 
tliat tlm intervening dielectric air has ita particles arranged in a maaoev 
analogous to those of the conductor, by the inducing influence of !!•• 
ghiss tube. The theory uf induction depending upon an action betwsoii 
contiguous molecules, is supportt-d by the fact which would otherwiw 
be totally inexplicable, that a slender rod of gloss or rosin, when excited 
by friction, and placed in contact with an insuluU'<l sphere of metal, ra 
capable of dccompoeiing the Electricity of the latter by induction nioai 
complct<?1y, even at the point of the ball equi-distant from the md, aitd 
ooQ«c<jurntly, tncu|Kkble of being connected with it in a right lino : 9a 
that it muRt either be concluded that induction is rxcrtod in mrrwl 
Uh4$^ or propagated through the intervention of rontignoiis particles* 
Kow, as DO radiant simjtlc force can act in curved lines, excejitiog 
under the omircing inSuonoc of a ««cond force, we are almost oompellotl 
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>i the Tiow of inunction acting through the znodinm of coz^ 
particles, 

(43) 'Hie appamtiifl omplojeil by Faraday \i Bhown in Figs* 11 and 
12. It coDbiatA of a slioll-lac Electrophorus, on tlio top of which ig 
pUcod a braas ball ; the charge on the surface of which is examined by 
Ibo carriifr ball of Coulomb's Elcctroinuter. It was always Fio. llr 
fcMUid to be positive. Whun contact was madu at iho (?) 

andct part of the ball, as at (J) Fig. 11, the measured 
degree of force w^as 512^, when in a lino with its G<}uator, 
aa at (r), 270°, and when at the top uf the ball, as at (/i), 
180**. Now, the two first charges are of such a nature as 
might bo expected from an inductive action in straight 
■ i bat the last is clearly an action of indactifm in a 
iins^ for during no part of the process could tho 
carriLT ball he connected in a straight lino with any part of 
tho inducing sheli-lac. Indeed, when the carrier ball was 
placed by Faraday not in contact with the inducteoua 
body at all, a& at(tf), it was found to be charged to a higher 
dign* than when it had been in contact; and at (rr) it 
"was tfffeeted in the highest degree, having a lesult above 
1000**. 



® 



(44) When a disc, or hemisphere of metal was cm- 
ployed, as in Fig. 12, no charge could be given to the 
carrier when placed on its centre; bat when pLiced con- 
ndofmbly above the same spot, a cliarge was obtained, and 
tins eren when a tAin Jiim of tfold-leuf was employrd ; at 
(i*) the force was 112°, at(>E-) 108°, at (/) 65^ at(OT) 33°; 
tl rive force gradually diminishing to this point. 

1' ' istng the carrier to (n), the charge increased to 

87^; oiul on raising it still higher, to (o), it still further 
mcnasKl to 10.5°. At a higher point still (/)), tho charge 
dMTGoaed to 9b^, and continued to dtminh»h for more 
ntcvatcd positions. 



(45) On reflecting on thoso beautiful experimental results, it scoma 
inpoaaiblo to resist tho couclufiiun that induction is not through tho 
■nial« but through tho air, in curved lines, and tliat it is an action of 
ll»o contiguous particles of the insulating body thrown into a stato 
o^ and tension, and capable of uommunicating their forces in 

ai! ..: 'US. 

(46) We must, in conseqacnco of these decisive experiments, thero- 
rurcjtako a new view of the electric force, and instead of considering tho 
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electric fluid to feeconfineil to the surfaces of the bodies hy the mccha3^| 
pro38ure of the uou-cun due ting air (31), we must consider the* fofll 
originating or &p[»CHring at a certain place to be propagated to, and 
ffostjuned at a distance through the intervention oT the contiguous par* 
liclea of the air, each uf which becomes poiarizeJy aa in the case of 
insulating conducting masses, and appears in the inductoouB body a« ft 
force of the same kind, exactljr et^ual in amount, but opposite in ltd 
direction and tendencies. 

(47) There is hardly any electric phenomena in which inductive 
action docs not come into phty. When light substances (IC, 32) an 
attract^nl by excited glass or wax, it is in oon9e<]ueuue of tlie disturb- 
ance of their natural electric states ; in the one case the positire fluid 
being repealled and the negative attracted, and in the other the ncgatire 
fluid being repelled and the positive attractcil, each being brought abont 
by induction. The foUowing experiment illustrates this development 
of Electricity by induction in an intcreb-ting manner. Support a pane of 
dry and warm window-glass a1>out an inch from the table by meaiu of 
blocks of wood, or two books, and place beneath it several pieces oC 
paper or pith balU. Excite the upper surface by friction, with a silk 
handkerchief, the Electricity of the glass becomes decomposed, its nega- 
tive fluid adhering to the silk^ and its positive to the upper surface of 
the glass plate. This^ by induction, acts on the lower surface of tha 
glass, repelling its positive Electricity, and attracting it6 negative. Tho 
lower surface of the glass thus becoming virtually electrified by indoc- 
iion through its substanoc, attracts and repels alternately tho light 
bodies placed beneath it, in a similar manner as the excitetl tube. 

(48) The state of a body when under the infliience of a distant 
electric is called induced JSltclrieity. Tho originally active body is 
called the inductric^ and that under its influence, the inductvtm* body. 
The polar state may be excited in a long series uf insulated cunductotSi 
the intensity however of the forct« di^crea^ing rapidly as the distatica 
from the originally charged body increases. Throughout tho syrtena, 
the po^tive end of one conductor will be opposed to the negative end 
of another, and the intcuaity of all will rise by connecting the last wltk 
thf ground. ' 

In Fig. 13, suppose a to represent an excited glaos tu1)0, and bct^d^^ 
iwo insulated metallic cylindrrs ; the feather attached to the end ft, will 
be attracted by tho glaj» tube, showing it to be negatively charg«*d; 
but the »econd conductor will also prove to be electrified, for tho featber 
nttaehed to d and c will mutually n'' )• other, and this will 

eotitinuoas long an the oxoitc<l glass tin <» in the vicinity, but 

the niomeut it i^ renkoved, all dgoa of Electricity tn tho two couducttica 
will immediately disappear. 
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(iS) We arr now prepared to undcrsland tbu use of the condenser 
to tlie gold Icuf eleciroscope. Fig. 9, (37). Induction can 

)ba)il^ take pUce through any di&t.anco ; but accurdin^ as the CJtcut 
of the medium through whicli it is exerted id lessened, it takes place 
more raaily. 

The chai^ of Electricity coramuuicated to an insulated brass plate 
attached to a gold lenf electroscope is sustained in consoqiionee uf indue- 
ti<]t) tliroiigh llie air towards distant surrounding ohjecta. When a 
■rcofKi iitmlated iphic is opposed to the £rst, induction ia almost wholly 
diieeiod tluou^h the uir to it, being the nearebt body, and as it is itself 
in m pobx state, Uie leaves of the ulectroscope will collapse, indicating 
an apparent diminution in the charge, A still further collapse of the 
loftToi will take place on establishing a conimunicatiou between the 
second plate and the earth, bccaubo the Electricity of the same kind 
with that of the inductive body, is virtually annihilated by diffusion 
over the earth. But the charge of the electroscope u only disguised, it 
hoA not nally euetaincd any loss, for on removing the second plate, the 
IcAVGS will re-open lo their former extent. 

Now, a higher charge of Electricity may be communicated to the 
6kctit}euoi>« wliilo it is under the influence of the second plate ftot 
fiMtt/airt/, because the charge will he sustnimd both by the plate and 
hf ■uiTonnding ohjccta, and the gold leaves will open to tlic same 
anumai as in the abdence of the second plate, Dut when this is again 
ftmoTcd, the accumulation which lina taken place will be iudicatid by 
^ capAiuton of the li-ave^ far beyond their original amount, the whulo 
being now thrown upon the surrounding conductors.— (Daniel!). In 
this manner imall quantitiea of Electricity may be accnmulated and 
ffodercd apparent. 

{10} la the sixty-eighth volume of the Annales de Chimic et de Phy- 
aiqnr, M. roclet lias publitjhed the following description of a uew double 
cWincal ouudL'nsiT. by which the aligbtest trace of electrical teubion 
can U d till it becomes appreciable aud eapable of measure* 

in^Dl b; : :. „cLruscope. 

TlircD disod of gla^ are coated throughout with gold leaf. The first. 
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wltioh wo win Gall A, is in conoexion -with a common gold-loaf oloctxi> 
scope, and has a coating of vamidti on its upper surface ; the second, l\ 
is placed on the former, and ia likewise coated with vamiAli. A lictlo 
brass pin gilt, is adapted to a point of its peripliery, and in tlie ocntro 
it is jirovidod with a glass handle, as in the upper plate of the ordinary 
condenser. On the top of this second disc is laid the tliird, C, a holo 
being bored in its centre to allow of the passage of the handle of B« 
This third disc has a handle likewi^, coneisting of a glass tube, wido 
enough to lot that of B posd tlirough, but not au long as to come np 
even with it. 

To employ this tostrument for ascertaining the electro-motury j^owcr 
excited hy a metal iu contact with gold, tlie disc C is to be touched 
therewith, B being in connexion with the earth : upon which C is 
raised, and A connected with the earth. This operation ia ropetUed 
sercral times, and upon each repetition A and B evidently roceiTO^ a 
fresh accession of charge. And when, at last by means of the handle 
on B, both the discs B and C are together removed, the leaves of tha 
oleotroecope diverge, and that the more, the greater the nomber at 
separate contacts lias been. 

To give an idea of the cundenstng power of this instrumoni, Uic fol- 
lowing results are mentioned : — 

When the nppu disc was touclied with an iron wire twicf, thric«\ 
four, fire, and six times, the divergence of the gold leavee amounted to 
»J°, 20°, 25°, 31*^, U°, and 88°. When the experiment was mode 
with a platinum wire, freed from all extraneous subatancos upon its 
evirfaoc hy cxpo«ure to a red heat, and held in the hand after it had 
been washfd in distilled water, a single contact indicated only a feeble 
divergence ; but after three oontaels it rose to 15°, and after twtmty H 
amounted to 53°. Tliis experimental demonstration of the oxi^tt^noo of 
an electro-motory force between platinum and gold, and which vrti 
hitherto wanting, has been also obtained by M. Peclet with an ordtoaiy 
condensvr, the sensitiveness of which was carried to the utmost Itmita. ! 

It appears frojn M . Peclct's ei]>erimenta with the double, as well as 
the single condenser, that all metals are positive with regard to gold, 
and tliat their rcbtivo order in this respect is as follovra : seine, lead, tin, 
bismuth, antimony, iron, silver, and platinum. Bismuth, antimony, ood; 
iron, iK'have so like each other, that their order in the aenos could 
mode out in no other way titan by a Tory frequent repetition of tlw 
experiment. 

(51) Tlio mcehauism of indnotivo action, and th« pmetlcal dctnoD- 
ittation of the fiict, that it is from molecule to moUruIn of any «nb- 
sdauoe, gasooiu ot solid, that tho decomposition of the natural F.lectrid-j 
lie* alone can take place, may bo bcaatifully shown tiy plunging id 
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of oil of tiirpontinp, — which ia an excellent fluid insulator,— two 
balta, of which one is in connexion with an e1i3ctrical machine and 
other wiUi the ground. On turning the mocliinc, the latter hecuincs 
nc^t«d by iuduciion. If now a number of short uhreds of sowing silk 
mixed with tlie oil of turpcntinp, the mechanism of llio indiictiTO 
tion i» fihcwu by tlio little bits of silk attaching them«elvcg mutuaUy 
by Ifaeir extrvniitios, by which they transmit the Elooiricity of the 
mchine, by a dories of deoompusitions* to the ball which is connected 
wHk the p;round. If the excitation be very violent, the attractions and 
rcpoliduum become too strong to be regularly transmitted, and this 
induction is acoonipaniod by a powerful current of the particles uf the 
tH from the first ball to the second. The particles inmicdiatcly in 
>Dt»atacl with the directly excited ball acquired its state, and being 
tvpcUcd, immediately pass oif to that which has obtained by induction 
Ute opposite conditiun, and tliose become neutralized. Now what here 
with the oil of turpentine, takes place in ordinary induction witti 
'the air ; every molecule of it interposed between the solid body bcconies 
kaelf subjected to the inductive action, and forms a uhoiu uf alternate 
itiveand nrgacivc pole^, by which tlie eftect may be transmitted to 
ly distance. If the excitation be very great, the neutrali£atiun may 
ooour with violence and rapidity, and generate currents as in the oil of 
Impcntioe. It ia these currents, which being produced by tho repul- 
ion of the particles of air from excited points, arc rendered Bonsiblo in 
ihe effect termed the electrical aura^ and are shown by the experiment 
of rerolving flies. 

(.92) Eleetriccl machines. — There are two kinds of eleotrical ma- 
htnefl in geneml use, — the cylindricalt and the plate machine. Tho 
I CT is shown in Fig, 1*. pm^ 14^ 

It ooissists uf a hollow* cylin- 
der of ghus, supported on 
ham bearings, which revolve 
in upright pieoea of wood 
tod to a rectangular, 
A cushion of leather 
iHbd with horso'hair, and 
to a pillar of glass, fur- 
ib«d with A screw to re- 
ilio degree of pressure 
Uh! cyliador. A cylinder 
pf mvtal or wood covered 
lib tin-foil, mounted on a 
(has atand, and terminated 
on iiDc siile by a acnoe of points to draw the Electricity from the glass, 
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qoeiioe of tbe tininsulated state of tlic niLbcra, though several tn\ 
raetliods of obvUting tliia incoiiTCuieDce bare bwu lately dovioed. 

Fig, 16 represents Dr. 
Hare's electrical niaeliine, 
tliepUte being four feet in 
duuneter, ao constructed 
as to be above the ope- 
rator, which is very con- 
renicnt for a lecture- 
room, being never in 
the VFoy, and yet always 
at hand. The primo 
conductor is supported 
and iDBuIated by means 
of wooden posts co- 
▼ored by stout bell 
glasaea, so that the sum- 
mits of the latter are 
woon thopo of thn 
and t)io inner sur- 
bcea of the cape at- 
taehod to the condartor. 
At c c» are the collec- 
tors. R represents a 
Bliding-Tod, -which may 
be drawn out to such an 
extent as to be brought 
in contact with any ap- 
paratus placed under it 
upon tho table. The 
machine may be kept in 
motion by an assistant. 

{5fi) One of the best forms of the plate mochino is that d«v{Md 
Mr. C.Woodward, President of tlic Islington liitomry and Sdentlfto 
stitntion. Fig. 17 represents the one in that Institution, prtsttnted 
tho roorobcrs by tbo abovo-meiitioned gentleman. The plate, which 
two Ibct in diameter, is fixed in the ordinary manner, between titft 
nprights, to tlio top and bottom of which are attAclinJ the rtiMterti 
Tho two conductors, A B, insulated on stont gloss pillart, on; fixed 
each end uf the mahognny board on which the whole is monntc<!, and 
together by a bnus arm C, which is ifupport''- 

Itre by a gloM pillar G, from tbf^e, points project and o 
Electricity from botb side* of the plate. Tbia nuidiine 
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Eng ftdnuitagefl : the iDSulation 13 exceedingly good ; if. f.<riipio9 
rtty Utt]e room on the lecture table; and readily exhibits |Mihitive 
DTgative Electricity : fui this Utter purpose, it is armngcd as follows, 
tbe annexed cut will rcudcr it perfectly intelligibte. The right* 
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Bontcd to tbc reTohing gUea, tha attraction of the poeitire F! v m 

th« gbas woald aocumuUte ne^tive t^ltxtricity on tbe Bph.i . i^xs^ 

Ukd tliU would re-act on the poaitivc Electricity of tiie glass, aod would 
liftTe a tendency to collect it in increased quantity at the part noaraoi 
the oondnctor ; but this tendency would be resifited by the non-cen* 
ducting quality of the glass on which the stratum of free Electricity 
would maintain a deptli, little, if at all augmented. Under such 
oircumetancca, no Electricity could paisB either from the cylinder to tlie 
conductor, or from the conductor to the cylinder, unless the depth of 
the electric fluid on the one or the other surface were so great aa lo 
orercome by its force tlie pressure of the sunounding air. Now^ it hi 
doax that the non*conducting property of the glass conspires with ita 
oylindrical form to prevent this on the one hand, while the facility to 
accumulation offered by the conducting power of the «pberic«l iOiCMtt 
of the conductor is couoteiucted by the property of that surfaoo, in 
rirtue of which it favours the uniform distribution of Electricity on iha 
other. That tlie conductor may become charged with fre« Elcotriolty« 
cither of two effects must be produced. The depth of the Electricity 
on the cylinder must bo so iocreaaed as to overcome tlie restraining 
power of the air, so that it may force its way to the spherical surCaco 
of Uie conductor : or tlie depth of the negative fluid ou the Utter must 
be 80 increased as to surpass tho rvetruning power of the air, m that » 
portion of tho negative fluid shall pass from it to the cylinder. In 
eitlior case the conductor would become positively charged ; but by 
arming tbc conductor with points, tho perfect freedom of motion of the 
electric fluid upon it, rnahles it to collect at tlio points; with the depth 
which the general condition of electric e<pul)brium re(|uire«s and as tbe 
depth greatly exceeds what would give a force equal to tliat of the 
atmosphere, a rapi<l escape of Electricity takes place. 

(61) We will conclude this Lecture with an arrangement of a fow 
experiments to familiarize tho student with the principles and action of 
tlie olcotrical machine. 

Ejt, K See that tbe machine is in good working order: the cylinder 
or plate bi-ing frw from dirt and black spots, (52) and perfectly dry; 
wipe it well with a piece of warm flannel, and then with an old silk 
hAndkerchicf. Take care that the insuUting glass stands aro clean and 
dry, and see that tho rubber is uniformly, but not too thickly oovcnad 
with amalgam. All these particulars Xmng duly Attended to, turn tbe 
handle, and present the knucklo of tho otiior hand to tlie prime ooik 
ductor : a vivid sfiark will dart between thorn, accompanied by « 
shaqi snapping sound.* 

* It i« luoal to upcak of thli rpark m Iht poAtiec spark, a term which dot* oni 
tJMItaoBTcy a correct idea o( It* oatiuv : &r It l» not lo be icsarded Af artaXos 
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Continno to tnm Iho cylinder or plate, keqiijig t)ic knncklo 
cM towards tJie priroo conductor. The sparks wiJl decroaee 
in brilliancy, intciiaity, and frequency, and after some time no moro 
mil he obUiucd (-'»*>). Now eataUHsh a good mptalUc communication 
liciwnai the rubber and the earth, and the sparks will be obtained 
ttnintcrTtiptedly, and undiminished in intensity, 

JCr^ 3. liemove the conductor from its position in front of the glass, 
and Iwfcving darkened the room, revolve the cylinder or plate; a scries 
of bright fparks will be observed to pass round the surface of the glass, 
odiibiUng a very beautiful appearance. Lot au assistant next take a 
Mofla in his hand, and approach its p>oint towards, but at a consider- 
able distance from, the revolving glass. While at the dbtance of 
•ereral fc^et, it will be seen tipped with luminous matter, illustrating in 
a aifaple maimer tlie striking influence of puinte, and their use on the 

imc conductor (60). 

Jir^ 4. ficmove the ball from the end of the conductor (Fig. 14) dis- 
a rounded blunt wire ; put the conductor in its place, and turning 
the macliine briskly, attempt to draw sparks from the body of the con- 
ductor with tlio knuckle, you will lind that you will obtain very feeblo 
and powerless ones, but you will perceive a beautiful luminous appear- 
ance proccfnling from tho end of tho wire, and on holding the hand ncai 
it, yon will cxj)eriencc a distinct sensation like a gentle stream of wind. 
Notice attt^ntively the appearance of tho luminous Fio. 18 
matter at the points at the two opposite ends of the 
eondtictor : that on the points immediately opposed 
to the revolving glass will resemble small stare, and 
Uial on the wire at the end of the conductor will 
xtsemble a brush or pencil. The appearance of each 
you will find not unlike Fig. 18. The same lumi- 
notia appearances will bo perceived if a pointed wire 
he held at a short distance from the conductor anfl 
CUhbcr^ both being ingnltit^il, the truth or fvncil 
appearing on tlte wire held towards tho rubber, and 
ll>e AUx on the wire presented towards the conductor. 
Wo shall return to the consideration of this electric 
light liCTUAflor. 




the mef* paMa^e of free Eleclriclty, bnt sa (be union of tlie two electric flnlds, 
u»l tlw con««N]Ucnt lUncUmxc of the clcclrified bodj. According tn Uie principle 
id totliK^tioH, the (totiliTcly plcctrifird prime conductor induces an oppMllr clcrtrie 
»tAUf ;n soy c<iM»liictini; iubnUncc approaching it, and when this state hna omountcd 
'* ' tension, the negative Elt'clrieily ruihcB towards thi* posltiTc of 

^^ t'rcoa»UlutIug tlie neutral comblnfllioQ. It is tliia oeutmlixa- 
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Ex, 5. CoDucct Uic ruLbcr ami conductor togeilicr by a 
roToIviug the gloss no gigns of L^lcctncity ^ill bv obtained frum cil 
but if the machine be extremely energetic, the win* will appear vat- 
rounded witli a lanvbent flume, otlierwifio the electric fluids will trAv«ne^i 
and the discharge take place iurisibly along the wire. But if the c\m-| 
durtor be interrupted, rivid 3]>arkB v^iU appear at each rupture o| 
continuity, arising from inductive action^ and consoquunily discbi 
taking place at every one of these spots. 

Ex, 6. The last experiment proves that the charges on ibocoBC 
and rubber arc exactly equal : that they an; in opposite electxiCAl] 
states may be proved by suspending from each some light eabetauoes, 
08 feathers or pith-balU, which will strongly attract each otlter wlica 
the niachlno is put in action. 

EiX, 7. PUce several strips of paper upon a long rod in connejdon 
with the prime conductor, in the centre of a largo apartment, thoy 
will open out equally, like radii from the centre of a sphere ; but on 
approximating a conducting body to them in tlioir Fxa. I9» 
charged 6t.'ite, they will incline towards it from the con- 
oentration of the force upuu ita nearer burfaoe. 

This is illugrtrated by the ridiculous figure of the 
hsad of hair^ Fig. 19, and is a common electrical ci- 
periment. When electrified, the hair stands on end : 
and each fibre, as if in a atate of repulsion from itd 
neighbour, is attracted by, and radiates towards the 
point which ia nearest to it in the oppositely induced 
state. 

Ex. 8. Paste some strips of tin-foil on a plate of glam having jwr- 
tioDs cut out, so that the space represents letters, as shewn bi t^g. 2D : «r 
draw a scrjientine line on the gloss 
with vaniinh, and place on it nietol- 
lio spangles about one-tenth of an 
inch apart : or etick the si>anglcs in 
a spiral direction on a gloss tube : 
in each case, lines of fire^ occa- 
sioned by sporkfl passing ap]>a- 
rently at the same moment through / 
aU Uic spaces, will be represented on 



Fio. 20. 
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tlon, or tliichitrtro nf Ihe rlrctrir Btalc of tht- comluctor, wlilch cntuUliitn il^ 
(•UTTtrir vpark ; «nd U u the midp wM\i tht? apukj (Viim mi cxcIIihI ^Hm lulw «»4 
fnrm tlu' covnr of tlje elect roptiorus. AU cum of diMliaricp muil U* prcocil««l fay 



Inrlurttuik'. 



In order to obtain touu iporki fniiu the prime coQiiuotiir uf an vlt^ctrloal 
mAcbliu*, Llw opvrAlor umiaI ntuuucuo: by l^lug tttoxt qihm, and ipadiMllv 
brngtlien tlirm to their nuuimum. 



LKCTt;AB I. 



33 




conocctinj; the first piece of foU with tliti cou- Fia. 31. 

ductor^ and tlio last with tho grounU. Fig. 21 
rrj»r«»»enta a little ajiparatiis invcnUrd by Mr. Barker 
for exhibiting tlie revolution of a spotted tube. It 
19 iii;ide of a glasa tul»c^ blown nice and round at ont} 
<rud, and opt'n at tlie otber : it should he aIkiuI U^n 
Iiiclie* long, and tUroc quarters of an inch in dia- 
rotrtiT. A ball or a piece of stnooth tin-foil is tixed 
at t}ie upper closed end, and the usuikl Bpots of tin-foil 
carried in a spiral form to tlio lower opeu end. A 
cap, either of wood or brass, is ceinentid on the out- 
side of the lower end nf tlie tube, and a strip of foil 
pUcrd mund it. From this rin* four wires project 
outwaxds, having their points bent at right angles. 
Th« tube U then set on an upright wire which 
paeaw upwards into the tube to its top^ and thii 
wiro i« then »ct on an insulated stand, and brought 
near tho prime conductor. It can thus revolve with 
grviat v%te, 

Kit. 9. Pro\*ide a ttool with glass Icg«, Fig, 22, atid having wiped 
it clean and dry, let a person stand ufion it, holding in his hand a 
diaiu ur wire communicating with tlie Fio. 22. 

prime conductor : on sotting the niachino 
in action, sj^iarlcs of fire may be drawn from 
nay part of liis person ; he becomes, in- 
deed, for tho time, a part of the ctmductor, 
and i« rtrongly elet-trificd, although without 
fccltng any alteration in him;*elf. If he hold in his hand a silver spoon 
ctmtnining some warm spirits of wine, auotlier person may set it on 
fire by touching it quickly with his finger, 

/^-. 10, By employing the little ar- Fio. 23. 

rangwncnt shown in Figure 23, cold spirits 
<»f wine may bo fired. Place it 8o that the^^ 
ImII rt can receive sparks from the prime con- 
ductor : pour spirits of wine into tho cup *, 
itD tbM bottom is just ooverofl ; place the cup ■ d 

uoiUt the wire */, then turn the machine, nnd 
thw PjKuk» that are received by n will fly from 
UiF wire through the spiiil;* to the cup, and 
I^Rimlly «ct it on tire. 

JB>, 1 1 . Tito phenomena of attraction and repuUion are well 
iBuilraied bv the apj.anitua known as the electric bdhi, Fig. 24. 
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Tbcy are to be sufipenJcd frum tlie prime con- 
ductor hy mcanfl of the !iook : tbci two onter 
bolls arc suspended by brass chains, whilo tlie 
centra], with the two clappers, hang from silken 
strings : the iniddlo bell is connected with the 
earth by a wire or chain : on turning the cy- 
linder, the two onUide bells become positively 
electrified, and by induction the central one 
becomes negative, a lumtuoua diachorgo taking 
place between them, if the Electricity bo in too 
high a state of tcneion. But if the cylinder be 
elowly revolved, the little braw clappers will bo- 
oomo altornately attracted and repelled by tl^e 
oiitcrrno*it and inner bells producing a constant 
ringing as long as the machine is worked. 

Fig, 25 shows an admirable oonfcrivtuice for iUuFtrating e)c< 
attraction and rrpuUion. Three or four glass baib made aa tioblj 




Fw. 25. 




possible, are supported on an in'nilatttl glass phitr, on the nn'lcr part of 
which, strips of tin foil are so pitbted as to Tinn a broad circle or border 
near the margin, and fonr radii to that circle ; on the upper part of thi 
plate if) A 6at hriii-s ring supported on small glaas pillars, no a? to baro 
its inner edge immcdiaUJy over the exterior edge of the tin fnil. Tho 
brass ring being in communication with the prime coodoctor and tho 
tin foil with Ihc rubbers of the machine, the ring and foil will be oppo- 
sitely electrified. Tho glass balls being attracted by the ring, become 
positively electrified in the part iihicli comes in contact iritb it» 
Thus electrified, they will bo attracted by the foil, and commanirating 
the cliarge, return to iUv ring to undergo another change* Differaii 
p4rts undergo in sTiccc^aion the^ chang«3, and tb« Tarioua cvolutioni of 
the ball* are very striking anrl curious. 
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Mm. is. Tlje current of air which acconipanica Fio. 2C. 

tHe <lUchiU^ of Electricity from point*, is pleasingly 
i)K>vm by o viiricty of toys. Fig, 2(f exhiljits 
m little uTongoincnt usually called the doctrical 
pUnetariatn. It h connected with the prime 
eocidnctor by nieaua of a chain, and when tlie 
midline is set in action, the current of air discharged from the points 
St a and 6 n?-acta on the wires of the apparatus, and it begins to move, 
tbo Urge ball representing the sun, ro\ind its axi^ the earth round the 
BUB, and tiie moon round the earth and sua. 

Fig, 27 represents a model of a water-mill for grinding com, A 
ia tlu* wheel, D the cog-wheel on its axis, C the trundle, D the ruu- 
niiig im]l-0tono on the top of the axis of the trundle. To set it in 
motion place it near the prime conductor, in which ia inaerted a 
cmokcd wire tenninating in a sharp point. Let this point he directed 
to th« uppermost side of the wheel A. On patting the machine 
ia motion, the current of air, attending the Electricity which issues 
ffom the point will turn the wlicel, an<l, consequently, all tho other 
working porta of the mill. 



Fio. 27. 




JSV. 13. Fill A phial with oil, pass through the cork a copper 
bail near its lower end at right angles, so that its point may 
•^n«t the inside of the glas«, and 6us^>end it by tlio upper end 
of tW ^iriro from the prime conductor. From the mnchino the point of 
Um win in tlie phial uili assume a high etate of positive electric ten- 

d2 



ifliloction, «nd 




bag towards it i bam knob, or t^ 
■I imkatffi wiD talu pbn Ihioa^ Ike 

will bflOHHe perlbAled br a rmmil hde. 



&. li. By Oe IbUowiog beftoiifol expenmat* Um 
indaclMm and fiatiiaiga oCavd b^A £elMlne nefom, such m almo- 
•pbcrie air, b diown. A g^aoB tube A, Fig. t8, two feet in lengtb, is 
U cillMr end with a bns baO pwj g Uiiig nito its binior, and 
rihamliiJ of ita sir by ■«»■ of a good dr-fmnp : oo etiB- 
the cad B, with the pfime ooodacCc*, aad the ci>d B' with Ut« 

Fro. 28. 
A 



when the mscluDe a turned, B becomca poeitire, and indQCOS 

slate OQ the ball B' ; iDdnction taking place witlt ^ctlity, in 
[iMmoe of the atmwpheric pressnre being mnov«d, and u fiJlowwl 
a discharge of the two Electricities in the form of a beaultful bloa 
light, filling the whole tube, and closely reeembliDg the auroca borca- 

118(14). 



Mx, 15. Attraction aud repulsion are amuaingly 
rn by suspending a brass plate, Fig. 29, frviu 
tlie prime conductor, and setting under it a sliding 
stand, on which is laid a little bran or sand, or little 
figures mode uf pith : on turning the machine, 
tltc brun or sand is attracted and repelled by the 
upper plate with such mpidity, that the motion is 
almost imperceptible, aod appears like a white cloud 
between the plates, and the little figures appear to be 
animated, dance, and exhibit very singular motiona, 
dependent on inductive action (47). 



£>. 16. Fig. 30 represents a small pail with a spent nsar 
tlie bottom, in which is a hole just large enongh to Ivt tho 
■r out by drops ; it is to bo filled with wotcr wid made 
to the prime conductor: on turning the m:ichiuCr tho 
r which before destccndcd from the spout in small dt*fp» 
only, will fly from it in a stream, whicli in the dark appears 
Uko a ktrvam uf fire ; or a spongo mtumt<Hl with w*at«r 
way be ' from the prime conductor, when the «aintf 

-, bu ubiten'tMl, which is referable to the mutual 
proj>«rty of wmiUirly rlcctrifisd particlos. 
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Fig. 31 




Fio. 32, 



JGr. 17. Let the trnnUer A, Fig. 31, be wiped 

.ilhotoiigbly dry» warmed, and tho inside char;Ted by 

lioldiD]i( it in eucit a direction that a wire prixuKidin^ 

from Ui« prime conductor of a machine in action 

jAxaXi ioucli it nearly in every part ; then invert it 

ivec a nuniber vi pith-balls; they will be attracted 

ft&d repelled backwards and forwards, and effect tlio 

■*■-*■-" of the Electricity nhich induces from the 

.jNtords thti plate. Tliey will tlien remain 

ftt reK ; bat if the Electricity wbicli bat* been dis- 

•Q^ged on ttie outside towards surroundinp; objects 

b« removed by a touch of tlic hand, a freah portion 

will Im act fr^ra oo tlio interior, and the attraction 

aod repnlsiun of the balls will again take place, and 

thus for many times succesaivcly the action will be 

renewed until the glass returns to its natural state. 



Sx. 18. Fig. 32 is another amusing 
pbiloBOphical toy. It is called the electrical 
■wing, and acts, as will be immediately per- 
ceived, upon the principle of attraction and 
refmlfiion. Tlie insulated brass ball A is 
eonnected with the prime conductor, while 
tbo opposite ball W comunicatcs with the 
Mrth. The light figure represented as 
fliUinf: on a silken cord is first drawm to- a 
W*rd» A» where it receives a charge which 
U diacUargee on B, and thus is kept swinging 
between tlie two balls. 



JKr. 19. Fig. 33 represents two hollow brass 
about three quarters of an inch in dia- 
^tnetcr, insnluted on separate gloss pillars, by 
which they are supported at a distance of 
About two nicliet} from each other; the upper 
part iff each ball is hollowed into a cup, into 
wlitcli a small piece of phosphonia is to be 
put, A small caudle has its flame mtuated 
midway betweoD the balU, one of which is 

COCUVCteJ with the positive, and the other with the negative conductor 
powrrful machine. Whcu the bolls are clectri5ud> Uio flame is 
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agitated, and, inclinuig towards the one which is ne^oHve^ soon heats it 
sufficiently to set fire to the phosphorus it cootuns, whilst the poeitivd 
ball remains perfectly cold, and its phosphorus umnelted. On Teveraii^ 
the connexions of the balls with the machine^ the phosphorus in the 
other ball will now be heated, and vnll inflame. 

Bx, 20. To a wire proceeding from the prime conductor, atta^ a 
piece of sealing-wax ; put the machine in action, no efiect will be 
produced on the wax : now soften the end by the flame of a spirit 
lamp, and while the machine is in action, present a card to the hot 
wax, and you will perceive that a considerable quantity of melted wax 
will be blown off from the wire, and in the form of fine, soft flexible 
filaments will collect on the sur&ce of the card, exhibiting ft Teiy 
curious appearance. This experiment is interesting, as proving that 
the mechanical condition of bodies has an influence on their relation to 
Electricity. The sealing wax, when cold, stands high amongst n<m- 
conductoia ; but when the physical condition oi its atoms is disturbed 
by heat, it becomes a conductor. 



LECTURE IT. 



ELECTRICITY— (wm^iniwrf.) 

m and con()u<!tion — N&iun> of electric dlsehnrge — DbnsptlTe discharge 
^ AppCAimocc of the tpark in difilTenl vUuUc inedlji — Brusb dlBctuir^e ; it« 
nature aud caiUM — Its appearauce la dificivnt gtaes — Discharge it pwIUve 
and niyfttire rondactlog Burfuces— PosiUvf aod ncffatiTcbmsh— Glow diflctiarge 
— Ita iwtnre and cause — Circumstances on which thu 8}>ark, brush, nrd glow 
depend — t^ummarr of Faraday's view* rebiti7f> to indoetion — Accumulation of 
EketiioitT — Tlieurv of the Leydeu phtal — Mtilhod of couatriictiu}; Ijeyden 
fiUab — Qoadnuit cIoctromolLT — Harria'B imit jar — Lane's dim;harglug elcc- 
Croinetcr — Cuthbcrtton's balance electrometer — Henley's universal discharger 
— Expaiments with accainuUtcd Electricity— Faraday's iudactometer — Specific 
liHhietiTe capacity — Detail of expcrimcnia — Phenomena and explanatioa of 
the irturn charg^e — lleaidual clmrge — Lateral explosion — Physiological 
cBfceta of ordinarr Rlectriclly — Effects of Electricity on germination and TCge- 
tatioQ — Experiment of Pouillet — Expcrhnents of Mcs*r». Pine and Weekcs — 
Ciinmail elfr-ctA — Decompnsiiioii of water — Expcrimeota of Dr. Wollostou — 
Of Dr. Faraday — Of Mr. Goudmaii. 

(6S} HxrijtQ in tUe preceding lecture endeavoured to give a jgoneral 
Icefrant of the leading principles of Electricity, I proceed to enlarge 
cipon Ibese pnm.iry luute, and to develop aomo more of the conso- 
qomccs of induction. Let us first enquire into the nature of tUe 
■ r:^ro, -wliicli has been thoroughly invoatigatod by Faraday 
', ^ t Uesearches, 13 and 14 Seric-fl). 

(03) AoeorHing to this philosopher, both induetion and conduction 
t ' ■ .be cnnsidennl the same in principle aud action- — every body 
_ to discharge in a greater or less degree, which makes them 
hotter or worse conductors — worse or Ijclter insulators. He considers 
ilie Arst effect of an excited body upon neighbouring niatterv, to be the 
»toduction of a pohrizod state of their particles, which constitute in- 
duction ; and this arises from its action on the particles immediately in 
ccmiaot witli it, which again act upon those contiguous to them ; and 
the forces are transferred to a distance. If the particles can 
this polarized state, then inauhition \a the conscfjnence ; and 
i- :.._,. iir the polarized condition, the better the insulation ; but if the 
partioh:* catinot maintain the'ur pol&rized state, if they possess the 
to conimutiicate their forces, thcu conduction occurs ; and the 
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the general appearance, as to fonn, lepiesented in Fic. 34. 
Fig. 34. A short conical bright part or root appears V?v.^-; .*';.'. ;:l:'v?,; 
at the middle part of the ball, projecting directly 
from it, which at a little distance from the ball breaks 
out suddenly into a wide brush of pale ramifications, 
having a quivering motion, and being accompanied at 
the same time with a low dull chattering sound. 
The general brash is resolvable into a number of 
individual brushes, each of which is the result of a 
single discharge — each is instantaneous in its exist- 
ence, and each appeared to Faraday to have the 
conical root complete. The sound is due to the 
recurrence of the noise of each separate discharge, which, happening at 
intervals nearly equal imder ordinary circumstances, causes a definite 
note to be heard, which, rising in pitch with the increased rapidity and 
regularity of the intemntting discharges, gives a ready and accurate 
measure of the intervals, and so may be used in any case when the 
discharge is beard, even though the api>carances may not be seen, to 
determine the clement of time, 

(C8) The brush is, in reality, a discharge between a bad, or a non- 
conductor, and cither a conductor or another non-conductor. It is ex- 
plained by Faraday on the principles of induction, which taking place 
between the end of an electrified rod and the walls of a room, across 
the dielectric air, polarizcii the particles of air; those which are nearest 
to the end of the wire being most polarized, and those situated in 
sections across the lines of inductive force tow*ards the walls being 
least KKilarized, In consequence of this state, the particle of air at the 
end of the wire is at a tension that will immediately terminate in dis- 
charge, while in those even only a few inches off, the tension is still 
beneatli that point. TVlien tlic discharge takes place, the particle of 
air in the immediato vicinity of the rod instantaneously resumes its 
polariascd state, the wire Itself regaining its electrical state by induc- 
tion ; the polarized particle of air exerts a distinct inductive act towards 
the farther particles, and thus a progressive dischaTge from particle 
to particle takes place. The difference between the brush discharge 
and the spark is, that in the former discharge begins at the root, (67) 
and extending itself in succession to all parts of the single brnsh, con- 
tinues to go on at the root and the previously-formed parts, until the 
whole brush is complete ; then, by the fall in intensity and power at 
the conductor, it ceases at once in all parts to bo renewed when that 
power has risen again to a sufficient degree ; but in the latter, the par- 
ticles in the line of discharge being, from the circnmstances, nearly alike 
in their intousity of polarixation, suffer discharge so nearly at the earns 
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ity &ft to make the time qnite insensible to its, Mr. WheatsUme 

ind UiAt the bruxh generally had a Beneiblo dnratioD, but be could 

rtaxt DO «ucb effect in tlio spark. 

(fTS) According to Faraday, the brusli may bo considered as a spark 
to oir ; a diffusion of electric force to matter, not by cttmluction^ but 
by dismplivo discharge; a dilute spark, which, passing to very badly 
condacting matter, frequently discharges bat a small portion of the 
power stored op in the conductor : for as the air charged ro-acis on tha 
condnctor, whilut ihc conductor, by loss of Electricity, sinks in its 
forcc^ the diacbarge quickly ceases, until, by the dispcraon of the 
charged air, and the renewal of the excited conditions of the conductor, 
«irminBUnoes have risen up to their tirat effective condition, again to 
OUMO discharge^ and again to fall and rise. 

(70) By making a small ball positive by a good electrical niachino 
with a large piime conductor, and approaching a large uninsulated dis~ 
durgnig ball towards it, very beautiful variations from the spark to 
tiie bcikah may be obtained. Id Fig. 34, the general appeamuoe of a 
good brualt is exliibited ; but if the band, a ball, or any knobbed. 
condttctor be brought near, the cxtromities of the coruscations turn 
iowarda it and each other, and the whole assumes various forms, ac- 
eording to circanistances, as shown in Figs. 35, 36, 37. The curva- 
ture of these iwoificationB illustrates, in a beautiful manner, the curved 

Kio. 35. 
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Fig, 37. 
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lonn of the lines of inductire force oxuiing pterioos to diadiuycs^ 

tlie same naumer as iron 6lin^ strewed on a sheet (>r iltiorcl 

a magnet, represent magnetic curvcet; an<l the |*lr . are 

ndered by Faraday aa constituting additional and powerfal testimon] 
m fovour of induction througU dieleciiica in curved lines, (42^ .1 
the lateral relation of these Uiies by an effect ertuivalent to a . , 
pruducing diTorgeuce, or, as in the caaae Bgnrt^d, the bulging furin. 

(71) Ui^^rhargu in the form of a broab ia Cavuuretl by ramliictioci 
the air, in the same manner, and for tho same nasrm aa diacbam in 
the fonn of a spark. It may be obtained not only in air and Bf^tt, 
bnt also in much denser media. Faraday procured it in oil uf turpca* 
tine, but it ytwa small, and prtjduced witli difficulty. He ab»o found 
thnt, like the spark, the brush ha^ njMY^Jiii fhirartm in diffbroaL gMBi^ 
indicating a relation to the particlva uf tttesc botliea^ even in a stronger 
degree than the spark. In nitro^en^ bruabcs wefo obtained with hA 
gnunkir facility than in any other gus ; and when tho gas was iiiiufitij 
they were exceedingly 6ne in form, light and colour; in oxyg«ay«J 
the other hand, they were very poor. I 

(7S) The peculiar cliaracters of nitrogen in relation to tlie dsetnM 
discharge must, Faraday observes, have an important influence ova 
the form and even the ocairr^nce 0/ li'jhining. Being that gas w]udi| 
most readily produces coruscation, and by them extends discharge toj 
a greater distance than any other gas tried, and is also that which con* I 
etitutea fonr-6fth9 of our atmoq^hero ; and as in atmosphcnc electhod I 
phenomena, one, and sometimes both the inductive furoes are resident 1 
on the particles of the air, which, thongh probably oiTccted as to dob- 1 
ducting power by the aqueous particles in it, cannot be c 1 ' ' :issJ 
good conductor ; so the ]>ei-uliur power possessed by nitrogtL : iLJtsI 

and effect discharge in the form of a brush or of ramificntioiis, Las iwe^l 
bably nn important relation to its electrical service in natuj^^ tt it I 
most seriously afifccta the charactei and condition of tho disoham I 
when made. I 

(73) The diameters of the luminous appearances at tho ends iifl 
wires charged positively and negatively, are n>presented in Y\g» 16.1 
Fanulny has paid consitlerable attention to the dilSerence of disoharce al I 
the poaiiivo anil negative conducting aurfaoes. According to his nb- I 
serrationSf the effect varies exceedingly undi*r difTcrent circumstAnoeiu I 
It is only with bad conductors, or metallic conduct ' '*y^-| 

mittiugly, or othL^rwi^o controlled by collateral iti<i tjie I 

brush and star are to be distinctly distinguished : for fif meiallifi I 
points pfoj(.tt frtfly into th« air, the positive and ne^tive light dilSW I 
wsxy little in appearance, and the ditl'ori^ni^ can \)m obw.rrved mUy apt« J 
closa nxantination. If a metallic wire with a rounded lerminAtioa {■ I 
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fr«» air be nml to prodnce the brushy diflchftrge, then tlio brushes ob- 
UiDod when the wire ia charged negatively, are rery poor and small 
by GutupamoD with tli08« producixl \^heD the charge ia positivo : or, if 
a large metal ball «onnoctcd with the olcctrical machine be charged 
ftmtitie/^i and a fine uninbul&ted point be gradually brought towards it, 
• Vtar appears on the puiut when at a coiiHidorablo distance, wliich^ 
ibotigh it becouips brighter, does not change its form of a Htar nntil it is 
cloae up to tlie ball ; whereas if the ball be charged negatively, the 
point at a conaidemMe distance has a star on it as before; but when 
brought nearer (within about 1^ inch) a brush funns on it, extending 
to UiD negative ball : and wiien still nearer, (at ^ of an inch distance) 
iite brush oeasea, and bright s]mrks pass. 

(7*) The* successive discliarges from a roimded metallic rod 0'3 of an 
inch m diameter, projecting into air when charged negatively, ore very 
apid in tbeir recurrence, bering seven or eight times more numerous in 
the sam« period than those produced when the rod is charged posi- 
tively to an equal degree; but eacti bru^h carries off far lotu electric 
force in the former case than in the latter. Faraday also perceived a 
y important variation of the relative forms and conditions of the 
ifcive and negative brush, by var}'iug the dielectric in which they 
need. The difference^ indeed, was so great as to point out a 
o rclAtton of this form of discharge to the particular gas in which 
ii lakes place^ and oppo«ing the idea that gases arc but obstructions 
to thirtli*charge acting one like another, and merely in proportion to 
their pressure. Generally speaking, wlien two equal aninll conducting 
ffuifoces etiually phiocd in air, are eleclri6ed, one positively and the 
^^^•rr m^ativcly, that which is negative can discharge to the air at a 
^ftuwMMi a iittle tover than that rc<iuirtil for the positive ball, and when 
diaehargo does take place, mncb more passes at each time from tlie 
pOMtive Uian from tho negative surface. 

(75) G^ow ditch'tr^it. — NV'hcn a tine point is uaed to produce dis- 
ruptive diitcharge from a positively charged conductor, the bmsh gives 
pluc to a quiet phosphorescent continuous glow, covering the whole 
of ibe end nf the wire, and extending a small distance into the air. 
OecMODally this glow takes tho place of tlie brush, when u rounded 
^ire 0*3 of an inch in diameter is used, and the finer the point the 
nore rradily is it piwduced : thus, diminution of the charffin^ gur/acd 
prodiicca it : increase of power in the mochine tends to it, and it ie 
Kupfi^ingly favoured by rarefaction of the air. A brass ball 2 J inches 
in diameter, when made positively inductric (48) in an air-pump 
twMavcr, becomce covered witli a glow over an area of two inches in 
diameter, when tlie pressure is reduced to 4*4 inchos of mercury. By 
A Utile adjustment, Faraday ancceeded tu covering tho ball all over with 
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this liglit; uawg ft bmes ball 1-25 inches bi diiunetor, and tDftkSngl 
^dt]ctcou*ii1y poBittire by nn inductric noffativp point, the pi" .-J 

nftt bigli degrees of rarefaction were excccduigly bcAutiful. m 

CATne over the pusitivc ball, and gradiuiUy increased in brigbtno^, urn 
it was At l/iAt very liiminouei, and it stood up like a low flame, half b 
inch or more in hoiglit. On tonohing Die sides of Uio glods jar, thi 
lambent flame was aflected, assnmed a ring form, Ukci a cro%^iti oa tfl 
top of ttic ball, appeared flexible, and revolved with a compamtivifl 
alow motion, i. p. about four or fire times in a second. ■ 

(Tfi) The glow ia always arcompnnied by a wind proceeding ntliH 
dinxtly out from the glowing part, or directly towards iL FamdM 
was nnablo to analyse it into visible elementary intermitting dischargM 
nor could he obtain the other evidence of intermitting action — oxincly, 
an audible sound. (0'7) It is difiicult to produce it at comni(& 
prc«!mrefi with rif^atiea wires, even on fine pointSi though id mrrfiM 
air the negative glow can easily be obtained. ■ 

(77) All the effects tend to show that ffhte is doe to a continucn 
charge or discbarge of air; in the former case being aocompanind byfl 
curiY^nt from, and in the latter case by one to, the place of thv gloin 
As the surrounding air comes np to the charged conductor, on attainiH 
that spot fit which the tension of the particles is raiJicd to thr^ suffieieill 
degree^ it becomes charged, and then moves oflf by the joint action 4I 
the forces to whicli it is subject, and at the same time that it malcM 
woy for other particles to come and bo charged in turn, nctually httlfm 
to form that curreut by which they are brtmght into the neoesHtrtI 
position. Thus, through the regularity of the forces^ a constant aoifl 
quiet rcsiitt is produced, and that result is, tlie charging of succeamid 
portions of air, the production of a current and of a continuous glow. ^ 

(78) By aiding tho formation of a current at its extremity, the brush 
at tho tennination of a rod may be made to produce a glow, :ii ' \«i 
other band by aflccting the current of oir, by ahL-Itcring the p aJ 
the appronch of air, it is not dithcult to convert the glow into hni«hnM 
The^/ow is n«sistcd by thoso circnmetances which tend to facilitate thfl 
charge of the air by the excited conductor, tho brtutA by thcwn wbicS 
tend to resist the charge of the same; and tlmBo which favour iateefl 
mttting discharge in a more exalted degree favonr the protluction of IIm 
9pari\ Thus tlie transition from the one to the other may be cottbB 
\yUc*l in vnrioas waya : by rarefying the air, by rcmovhig laijrn eoiH 
ducting surrnct's from the nrighbnnrhood of a glowing t^Ttnllialiociy ^B 
by pn*senting a sharp point towards it, we help to sustain tho gl(n*fl 

■pd by condensing tho noi^hbourhond of a di* " ' -S 

PInttng the hand gradually towards it, wo coti lu J 

bmsli or spark. ^^M 
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(79) Ikfote procoeding further, it may be useful to give a goner&l 
of the Wew9 of Faraday relating to induction. His theory ia 

Eatellded to offer auy tiling new as to tbo nature of the electric 
fiwee or Coroes, but only ju to their distribution. It undertakes to 
•taie Aott Hie powers are arranged, to tmcc them in their general rela- 
to the particles of matter, to determine thirir general laws, aod Uie 
nfic difibrenccs which occur uudcr these lawn. 

(80) The theory assumes : 
!°, Tliat all tbc pnrcfcitf, whether of insulating or conducting matter, 

as wholes, conductors. 

2". Xliat not being in their normal state polar, they can become so 
by the influence of neighbouring charged particles, the polar state being 
:d at the instant exactly as in an insulating conducting rnast 
ig of many ])articles, 

d^. Thai the particles when polarized are in a forced state and tend 

return to tlicir normal or natural condition. 

i*^. Tliat hoifig, m wholes, conductors, they can readily bo charged 
ctlfaCT Mily or polarlp, 

5**. That particles whicli, being contiguous, are also in the lino of 
inductivo action, can communicate or transfer their polar forces to one 
another mom or hitM readily. 

<J*. That thoMj doing so, less readily require the polar forces to be 
nised to a liighcr degree before this trongforcace or commuDicatioa 
place. 
f^. That the vMdjf communication of forces between contiguous par- 
tides eooaHjiuieAeOHdHeticiti^ and the difficult communication insulation; 
eoBdnciors and insulators being bodies whose particles naturally poasesa 
tbo pr o p ert y of communicating their rospectivo forces, easily or with 
dilEcolty ; having these differences just as they have differences of any 
natural property. 

8*'. I'hat ordinary induction is the effect resulting from the action of 
matter charged with excited or free Electricity upon insulating matter, 
troding Ui produce in it an equal amount of the contrary state. 

9^. Tlint it can du this only by polarizing the particles contiguous to 
U, >vhicb [rf^form this office to the ncxt^ and these again to those 
beyond ; and that thus the action is propagated from the excited body 
to tbe next conducting mass, and these reuder the contrary force 
tT i ^nenco of the effect of communication which supervenes 

IQ ' mass upon l!ie polarijuition of the particles of tliat 

lO*. Tliat thertfiire in'luctiou can only take place throngli or acro"^ 
IIotb: that induction is tnbiilatiou, it being tbe uecc&tiary oont>e- 
^QOticc of the state of the particlo^, and the mode in which tbo influence 
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of electric&l foKos is trftoflferred or timnsmtUod through or across snch 
inaulating media. 

(81) Accumulation of ElectrUxt^^ — Ltydtn Phiai, — In tho Usl 
lecluro it was sUtt^d (4d) that a litj^her chnr;^ may be oummunioateil 
to the gold leaf electroscope while undt*r thL* iafluvnce nf a w?cond plalo 
not inrulattd. To ilhiatrate thie j)roperty of tlie wrcond pUtr, wc lijire 
only to bring it as close ob possible withont touching, to the tuifuctrie 
plate, and commtmicate a charge to the latter; then on removing tJic 
second plate, the accumulation which has bcvn effected wilt tie in^-i 
cntod by an expansion of the gold leaves considerably b«yond tlM 
original nmount. Thi^ divergence of the gold Icarct is to be oonfidctod 
as occasioned by the attraction in opposite directions of th« oppositely 
elcctriBed indticteouii bodies. 

(S2) When an excited gloss tube is brought near to tho cap of tht 
electroscope, the second plate (connected with the earth) being doM to { 
it, the gold leaves du not open nearly so much as if the scond pliM I 
were not there, because induction taking place through the intervening { 
plate of air to the nearest body, vix, tlie ioducteone or second plate, the 
Electricity of the eaine kind as that of the cftp of the instrumcat, 
beeome«i diffused over the earth ; but when the second plate ia retnoTcd, 
the leaves diverge much more than if it had not been there, becattsr they 
have received a higher charge. Xow, in this case, the intervening air 
has nseeived » hiyfufr polar tentioH (80), which it will be underatood 
arises entirely from the close proximity of the chargtsl bwly to a con» 
ductor to the earth : tho thinner the intervening stratum of air, the 
higher the degree of poUr tension that can be attained, and tho rise cf ' 
force is litnite<l by the mof/ilitt/ of t/w partiel^^ of tltt air^ in poaae- ' 
quctico of which the cijuilibriutn is restored either silently or hj j 
a spnrk. 

(83) !f instead of a plate or stratnm of air, we employ a so/n# ' 
ditUfirir^ Ruch as gloss, the tension which may be asuiumed is Itiniled 
only by its coho^ive ftjrce. Ilius, if wo place a plnte of glass bt'twecn 
two circular pieces of tin, insulatcti, and connect ono plaio with the 
primo conductor of on electrical machiDe;, wo shall have an arrangement 
precisely similar to tho cmidrnsiT, Fig. 9, except thnt tin* ini>.*rvcniQ^ 
dielectric will be gloss instead of air : on conni'cting the other plate I 
with the earth to destroy its polar state, and working the machine^ tiM 
particles of the glast) will liecomc powerfully polarized ; and if instcaJ 
of connecting one of the platrs witli thr *iarth, wc touch it from tiros 
to time with the knuckle, a series of sjiarks will be obtainedi ocmh 
sionod by the mpulition of the poBitive EK'otficity, n:iP-^"- ; r^ent in ' 
the tin plate, by induction through the glase from t'>: u* pble 

electrifted by tho machine. After a time thete wiU ouum, ami oa ' 
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the wire cnnDccling ttio plnte with the prime condnctor, it 
[*%• charged SixiU jnnitirc^ while tlie other plate will be cliarged with 
K^io/iM Electnotty, both in a high atnte of tension. If now both 
Lt*!a arc cMnnccttMl by means of a curved wire, dttdiartfe results, 
tfceadcd with & vivid flagli, And a lutid Miap. 

(8i) Tho aame eifoct!! will bo produced by coating either side of % 
of gla^-s vrttb tin foil, leaving about 1 \ inch all round uncovered, 
id it ta <|uiu.- clear that the 6urf»ccs of dielectrics Aud conductors may 
he armngei! in difFercnt forms without impairing the eifecta. OIa«s 
jftrtt or btitlle^ are found much more convenient in pmctico than squares 
C0At<-d ^lA?a ; and the t/wtntity of Electricity which may bo accumu- 
Utt:<] depcud<3 upon the extent of the coated surface ; its intensity on the 
Uiiimess of the glass. 

(8J) OUss jars thus arranged are well known by the name of Leyden 
pliialH, from their having been tirst constructed by Mut^chenbroek and his 
leods si Ijcyden (7). In practice it is found impossible tn diniinitih the 
UkickiMSB of Uio glass beyond a certain extent, as the constrained posi- 
t' ' "■ polarized particles is apt to rise so high as to destroy its cohe- 
and the cliaxgc breaks its way through the glass. Fig. 38 
Its a Leyden phial of the naual constrnctioD, with tlie dit- 
Fia. 38. 




chnr^'ng rod furnished with a glass handle in the position in which it 
placed, in the act of discharging the jar by establishing a metallic 
iinunication between the outer and inner metallic coatings. Tlie 
'hioli pOfSrs tlirough the varnished mahogany cover of the jar is 
tted at one end by a brass ball, and at the otlier by a chain 
naching to the bottom of tlie jar. 

(86) To charge tho Lcy<len phial, its knob should bo held about 
'lulf on inch from the prime conductor, the liand grasping the outer 
Boating. A scries of sparks tako place between the knob and the con- 
^oirtor, which continue for some time, and then cease. The jar is now 
iryM, its inside containing positive, and iu outside negative Elec- 
ricxty, their union being prt^vcntcd by tlie interposed glass. If the jar 
^ Tsty thin, and the tension of the Electricity considerable, discharga 



S'OXSsrL uiii 1-r— ^ T z ~id Tiwailii? -'■"TTTiCT stn^i too near the 
ju^ncj. ..L -at: ,uz. -::£ iiAinjcTs ^ ""=7 nc 3i jab c-to- ^e vnonted 
"ir^** u "Uif t joi x & iiiniiL iiaii2«ic xcism. ie finaft. cumiiim ing ft 

f-:'.r;-;rr-.'S5 :: ^": ik r ri^ Z*u: £ ir»TsiH^ ;c lusse *»»^***«» 'iwciir, sdU iha 
^az 901x1:1: IK jLttc m^sr^L aac ^if^czusiciiiL 'EfcV~r* tJaoe man or 
j^s sniiil^ IT' "^^ r cbuurtiL; ac^.a ic xia± *ii ^mi >».^;^j» asnoophere. 

iC r'.m. -u: a lar.di.t i*. x "»xj. -Uis r:iiiJb:a s^crh TUnish of 
silt <ai.i:-i. '»■"'•: ::?% "^ '^ncn. "Ut: .-.iis :«sz* ^i mfux ixs ftppli- 

'^a.-rr= :j li r.srrr.'i!:-: 5.c -uii T'ir7»:itt : :: is T!:«- biw^T^er, adriaible 

r:<i kjxzzsv =9 siiif ^ iiji nannig- tZHr* bezc eroadexaUe risk of 
"*—^ r-^r "L.!*!::. ZT zjjz iXzi'.SiiiL. si?:eruLIj ^ u«f caas be Uun. The 
bi<s ;-li^ is 1. ^Ljt?: ^ T'TTk -rr*:!! a iCKn .^ ca f>il considenbly 
!arx*r u-ii nu ••:t::ci :^ i^ ;a^. t: rufc» liif ^;w*r bi21 erf the dU- 
cliT-rz^ r.»i -_:*:c v_'i =1*^ i^L'i -z^ic 1^ 1^=^ Uft vdba faaU quickly 
m-,'^- 't^jz scrltiz^ - ^'L-,-^ .,; ;2ii tir.c i-f ibf Jiff ; bj" thxi mcthod the 
E!**nv::".:T lei-.n-ij L^^jrio .rt; & jrr^ ?^riue. *ad is not concen- 
\n>ri ;.; i =ii:rli :<.Li.i :: i_= r^aa. ^ risk cf fnctuie of which is 

'rr, '^':--e' ujt: «■-:!.: n^-^-l '^n ct b;:*l-s5w &5 ibe common sixteea- 

'•.-::<A ^;.-ili •-- »!:-:^i r^ia* vilid £r.- ti.vlr tHcaeaa furm excellent 

K.f:fAr.'. jxTs, *r^ -^.'1 5-:r:j r.=r^.== c-;j.: ilea isteziully with bnas 

tiir.;*-, i:^?v::^i of uri f>iL en aco.uii: •;: ii.^ dificalty of applying the 

U'.v.-r V> thvir iL:tn:r; f.r th'* j -ir^-ise 5^a:e thin glue should be 

j/.'iT'.A inV/ i\iui. and tl.e UtUe tumei *l:w!y loand until its inner 

fcjffAO; i* ^lovtr^:'! Uj al»0'«t thic* iiche* frcEi the month. Brass 61in;;s 

af: l^j'jm put in, atd the b-vitle wtU shaken, so that they may be 

diffuv:*! 'j'jiially o%-er its surface; on inverting it, those which ara in 

rrxoo't-. will fall out, and the bottle will be left tolerably wdl coated 

ifiti.Tfi&IIy. Tliis niethor], however, rarely answers well ; ft better one 

ifi, Ut rfi':it '.'<'|iial parts of lead and tin, and whilst fused, to add quick- 

Kilvi;r t-uf/U'^U 1/> kc-cp the whole fluid whiLt wann, and in this condition 

t*» i^tur it into tlie bottle, turning the bttcr round and round in rarious 

wayn till tho whole of the inside is covered with amalgam. A little 

hmriHiLli ht:\fH the whole fluid at a lower temperature. This plan 

nmwf.TH viry well for coating internally large green glass carboys, 

Llioii(rh no expmniCTitalibt is advised to go to the trouble of fitting up 

thcMi vrMi(;lM, and thuy generally prove useless, probably on account of 

thd iiii|K]rfection of the dielectric. 
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In Fig. 30, a goml method of fitting xip tlio l^ey- 
dta pliiikl \s sliuwn : the wire coinmiiuicatiiig with 
thi* tiiUsrior co^itiaj; passes through a glass tube cx- 
t/Uidiu^ aliove and below the cover abuut six iucbia. 
Tbe cttvcr U tliiis in&ukted from tbc inside coating, 
cltt«t U cxclude<lf nnd n greater etability U givtni 
to tlio wire. Thuj arraiif^cd, tho jxr will retiiin 
(ts charge much longer tlian on the usnnl plan. 
li was contrived by 3Ir. Barker. 




(89) Another orrangismont by which the fracture of I&rgo jara is, 
alrntKft with certainty, prevented, ia sliown in Fig. 40. It was recora- 
tueuded to mc by the Rev. F. Lockey. I now always fit up my jiir* 
in this manner, and since I have adopted it, I have 
uot brokfu one, though bcfure, thla was a vexa- 
tioiid accident of fre<iuent occurrence. The wire, 
111814.1^1 uf communicating with the interior coat- 
ing by meatii^ uf a niotallic chain, screws into the 
bar of wootl ^i, wliich is covered with tin-foil, the 
snica of which press lightly against the inner 
coating of tho jar; two slender pieces of wuod» i, 
c^ also covered with tin- foil, arc morticed into tho 
bar a, and kept in place by a brass pin at </ ; the 
oihrr extremities press nguiubt the sides of the jar 
cloeo to the bottom : wide-moutlicd jars i^liould 
Ik employed, and if they slope towards the bot- 
tom, tho firmer can tho bar a bo fixed : — no covers are required. 
advAUtago of thi^ anangemcnt will be immediately perceived, there 
bang a metallic cummtmiciition between tho knob and four ditlcrent 
points of ibe inner coating : tho force of the discharge is divided into 
font part», and not only is tho risk of fracture dccrca:^ thereby, but 
/amj ' ' irffc of the jar is ensured. I have fitted up a pretty largo 

doct ry (OG) in this maimer, and have nsuully found the resi- 

dual cliarge, after the first explosion, to bo very trifling; bnt those who 
arv convcraaut with electrical experiments, are well aware that in the 
lunal manner of fitting up batteries, this residual charge in, in largo 
srrangnmcnts, very considerable, ^ufiicient to givo unpleasant shockf>, 
and frequently giving rise to awkward accidents. 

(&0) 'llio rptantit^ of Electricity accumulated in a jar or battery 
(i>d) may b« roughly eetimatod by tho number of turns of the machine; 
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its intensity may be approximately determined by the amount ot 
repulsion between any two moveable bodies under its influence, or 
rather by the amount of their opposite attractions by surrounding 
bodies under their inductive influence. 

In Fig. 41 is shown the quadrant electrometer, contrived Fia. 41. 
by Henley for this purpose. It consists of a graduated semi- 
circle of ivory fixed to a rod of wood d. From the centre of 
a descends a light index, terminating in a pith-ball, and rea- 
dily moveable on a pin. To use it, it is removed from ita 
stand and screwed upon the jar or battery, the charge of 
which it is intended to indicate : as it increases, the pith-ball 
moves from its centre of suspension, and measures the inten- 
bity upon tbe graduated semicircle. I 

(91) A much more accurate instrument, for the same 
purpose, is the unit jar of Mr. Harris, Fig. 42. It con- 
sists of a small inverted Loyden phial, supported and in- 
sulated by a slender glass rod, which is covered with 
varnish and fixed on a wooden foot. The wire from 
tlie inner coating of this small jar, is terminated by an- ^ 
other wire at right angles to it, and furnished with a a 
brass ball a, and the outer coating is provided with another 
arrangement of wires, terminated by a brass ball c, and so 
adjusted as to be moveable by means of a slide or screw, 
by which the interval between the balls can be increased 
or diminished. From the outer coating, another wire ff h, 
proceeds, which is intended to communicate with the 
ground by being held in the hand, or otherwise. 

(92) To understand tho action of this little instrument, it must be 
considered that no charge of any amount can be given to a Leyden 
phial, if it be insulated : — for, in proportion as the patitive electricity is 
communicated to its interior coating, it is necessary that the same 
quantity should be removed from the exterior, which would otherwise 

Fio. 43. 

counteract the neffotite electricity by which tbe charge is sustained. 
To effect this, a commoxucation is established with the earthy or with 
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t^ie interior coatiog of a second jar, tlio oatside coating of vi hicli again 
may cnnmmnicatc with tiie interior of a third, and thus o bcuva of in- 
•ulat<.*d jura may be chargrd from eacli other, as shown in Fig. 43, 
takini; rare to withdraw the opposing Electricity of the laat. 

(S-T) If a TCTT «nmll jar be thua connected with n large one, the 
(|nantity of Electricity which is sufficient to carry the charge uf the 
first op to a high dogn?e of intensity when diffused otct the larger 
ettrface of the »ecnn(i^ will be scarcely Appreciable^ so that it will rr(]iiiro 
many chargvs of the former to charge the latter to tlie same dtf^rec. 
When the unit jor is employed to dctennino the intentiity of the charge 
of a phial, a communication is established between the prime conductor 
and the exterior coating by the wire^ &, Fig, 4-2, and t)ie interior coating is 
1 witli the interior coating of the jnr by the wire a (f. The 
' ty evolved by the machine is tlms communicated to the large 

jar from the onter coatiDg of the small one. The discharging rod «, 
Tegttlattng and measnring the dietince between its two coatings. The 
Ttlue of the unit measure is determined by the dii^tance between tl»e 
balls c and a, or tlie ttriking distance of the spark. The effect of tho 
spark from tf to a, is to neutralize tho coatings of the nuit jar, 
and to dietrlbnte a corresponding quantity of Electricity over the 
surface of tho largo jar. On giving a second charge to the nuit 
jar, tlie large jar receivea an increment equal to what it received 
from the firvt charge, and the second spark only neutmlixcs tho unit jar 
as before. Thus, by the nunilwr of explosions, or by the number of 
charges which hare passed from the Bmaltcr jar, the quantity accunm- 
lalH in the battery may be very accurately estimated. 

(04) When a series of explooions from a Leyden phial Ts required 
for any particular puqvode^ it is udcful to 
have a contrivance by which the dis- 
charges can be effected without the inter- 
ft-reaee of the operator. Fig. ii represents 
the arrangement of Mr. Lane for this pur- 
pow. n is the prime conductor of an elec- 
trical niAchino; b tho jar, on the wire com- 
iDunicatiiig with tlie interior of which is 
fixed the arm of vamiHhed glass c^ on tho 
tnd of which is ccnitrnt^td the brass knnb 
I> ; through this ball tlie wire/ d slides, so 
Uiat the ball d may bo bronglit to any 
required distance from tho knob of the jar 
«. A Biinjile inspection of tho figure will s'bow how ibis dis4-harging 
electriiuic'tvr act>^, and how, by increasing or Icsbening tho distnuco 
bciw(y*n d aud <«, the strength of tho chargo may bo regulated. 
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:C h.: ii. ia nj-'ir iiwfu; ionrcmnn k iLe luliw deetvometer of 
r -.v-'j^ri'^^:.. b^v«-a in Fig. 45. A B » a wooden itaadi, about 
•f ;^' t^.^ iiicbtft loL*;; uid fdx Vroftd. is vluc^ are fixed two J^boi sop - 
;''^^. </ <. rjoc:ii<ed vHh bras ioBs ; midfir the Wl tf is a 
:jvvJ: . lij^ 1/aI; ( U made of two hemkpbocB. ilie -mda ooe 
^r.*?^ Vv xw: hnths Qi'.'imticg. aod the vj^kt coe tmaed with a grooTe 
V. ^^-.*. ■:;-'.':. it. bo ihst h can be takea off ax pleam: it ii Kfe w c d 
V. fc 'JH;^ :'j''^ aV.'ai f^ur indies long, fined on to ilie top of t ; from 
':>, Jv».vr «id prxjwdr an ann canrinz tbe piooe / f, bang two hollow 
}r*.l!i.t h-Zii a fjU;. «'Lk':i i/cnbcr makes nearir ibe ame lengUi as that 
f.*.v^ v:: tv « : <f K. U a etrai^'bt bias wire, with a knife^^dgvd oentn 
ill \\a /jjlddl", \\kf:*A Si. little below the oectre i4 ^laiiU, and cqnaBy 
bUaibf^ K ith a hollow bras: ball at each end. the oeotie or ans i filing 
^yju a \n'jyit rhaj^d pi€ee of brass fixed in the inade of the boll h; 
that \jikn of iLi; b*ruii£Xjhere tc>ward$ k is cnt open to pemnt that end 



Fig. 45. 




of the balance to descend till it touches */, and the upper hemisphete h ia 
al40 cut open : the arm y is divided into sixty gtaina, and furnished 
with a slider, to bo set at the number of grains the experiment le- 
quires : ^- is a comnion Uenley's Electrometer screwed upon the top 
of h. The slider is placed loosely on the arm y, so that as soon as 
y h is out of the horiz-jntal position it slides forward tovh-ards/, and the 
ascending continues with an accelerated motion till k strikes d. 

Now suppose the instrument to be applied to a jar as in the figure ; 
a mctollic comiiiunication by a wire or cliaiu is established between C 
»n4 the iuftidc of the jar, k is screwed upon h with its index pmnting 
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U, ilie increase of tlie clinrge in the jar is thua «bown : 
ipfiose the slider to be act at fiftotm gnuoft, it will cause y to te^t 
10/ with a pressure cqna.1 to that wciglit : as the charge iucreascs ia 
jar the bolls / and ^ become more and more repulsiye of each 
t; and when the force of this repulsion ia sufficient to raise fifttrn 
LUks, the ball ff tiae«, the slider moves towards &, and the ball h 
ling rapidly into contact with d discharges the jar, and as the force 
the npnlsion depends upon the intensity of the charge, the weight it 
in averoomo aflbrds a measure of this intensity, and enables tb« 
rimcntcT to regulate the amount. 
{06) A very useful piece of nppa» 
lus for directing with precision tho 
krge of a jar or liaitery, is Hen- 
's VnircnBd Discharger, Fig. 46 ; 
oonsists of a wooden stand with a 
ikai fixed in its centre, to which 
ty be occasionally adapted a small 
klc having a piece of irory^ (which 
Kum-€onductor) inlaid on its 
Aor&ec. The tabic may be raised 
id kept at the proper height by 

|c«ns of a screw 9. Two ghiss pillars P P are cemented into tlie 
uoden stand. On the top of each of these pillars is fitted a brass cap 
iTing a ring R attached to it, and containing a joint moving both 
Eically and horizontally, and carrying on its upper part a spring 
admitting a brass rod to slide through it. Each of these rods is 
linated at one end either by a ball a h screwed on a point, or by a 
of brass forceps, and is furnished at the other extremity witli a 
ling or handle of solid glass. The body through which tho charge is 
tDlcndod to be scut, is placed on the table, and tho sliding rods, which 
rtfo moveftblc in every direction, ore then by means of tho handles 
»Qght in contact with the opposite sides, and one of tlie brass caps 
ling connected with the outside of the jar or battery, the other may be 
laght into eonimunioation with the inner coatings by means of the 
imon discharging rod. Fig. 38. For some exjteriments it is more con- 
it to fix the substance on which the experiuieut is to be made in a 
ly frame F, consiating of two small boards which can be pressed 
ilirr by screws, and which may tl»en be substituted for the table. 
cttbei uf these waya the charge can bo directed through any part of 
tho Bulistance, with the greatest accuracy. In Fig. 47* is exhibited an 
ikctxioU battery of fift^n jars. In tho act of being charged from tho 
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mnohintf, with CutUbertaon'fl bftlance cWtrometer, and an anangenicQt 
fur itrikiiig tuetaUio oxides attached. 

Fw. 47. 




(97) Ejtperimentx iri'/A the Z^n/'Avi ph'xal and battery. 

Ejp. 1. Fix to the nut^ide ccmtinj^ of tho jnr a, J''ig. #8, cx\ 



about a square foot of coated snifacct a curved 
Wire //, terminftt^^d by a ntctallic ball r ri«ing to 
the same bciglit as tht* knob of the jar d ; charge 
the jnr, and Buttpvnd nudway bi^wccn c nuil d by 
a silken throad, a small boll i>f (!ork or vM\ytT pith. 
The ball nil! inuncdiatt-ly be attracted by d^ then 
repelled to r, again attracted, and aj!;nin n»pelled, 
and this will ct^ntinno for a considerable time : 
wben the motion has coas^d^ &Pply t)i« dis- 
«bar^inj;( rod to the jar, no sfmrk or snap nill 
rcanll — jiroviMg tJiat the jihial has been gra- 
dually di»chargrd by Uta pith or cork ball, Uio 
motion of which from d to c Hkowi^c pruvini; 
Uie opposite electrical «tatc« (16} of the outor 
and inner coating*. 
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PUnoe th« jar A, Fig, 49, on the 
stand S, And attempt to charge 
Cpum the prime conductor, )rou will 6nd 
nblo (92) : now nppl)" tho knuckle 
ouinde cOAting, and continue to turn 
line : for every spark that enters 
r, one will pass between tho outride 
Uid the knuckle, and on applying 
sbarging rod^ the jar wilt be fuiind 
hve received a charge. Instead of the 
the knob of a second uninsulated 
% Xtthy bo applied, as in Fig, 43, bolh 
iWill rweive a charge. 



3. Provide a jar, the exterior coating of which ia moveable, (it 

bo made of thin tin plate,) charge this jar in the usual manner 

then place it on an insulating stand: touch tho knob from 

time with a conducting body; the ^sliule charge will tlius 

*ly be rcTDorcd, and the glass will be brooght to ita natural 

B*: now charge the jar again, remove tlie outer coating, and replace 

tb« Jn^ulating stand ; in i\\\^ state it will retain ita charge for an 

lite period. The reason of this is, that the wire, by which tttO 

ia communicated to the interior coating, being left attached to it, 

luction does not take place solely tlirough tho glass to the opposite 

ttog, tut is partly directetl, through the air, to surrounJing con- 

: this portion is usually called free charge, and on removing 

by toncliing the knob with a conducting body, a correeponding 

tinn of frw charge, of the opposite kind, makes its appearance on the 

idc coating, owing to the induction which is now at Uberty to 

itself from Uiat part to surroundfng objects. But when the 

ooating is removed, tho induction is detenriined entirely Mrow^A 

gUtm^ and the charge on one eide is sustained by an exactly equal 

liity of the contrary Electricity on the other: all interference with 

'- z objects is thus cutoff. 

[•jvidu a jar with both coatings moveable (the jar for this 
mufft be 0^9 wide at the mouth as at the bottom) : let the wire 
icating with tho interior coating puss through a glass tul»e, by 
may bo ittnorcd fr\jm the jar witliout touching tho metal : 
Xhe jar in the usual manner, then witlidrnw the inaido ooiiting; 
having yet it oaiile. invert tbc jar upon ftOfOO badly conducting 
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Ifody, sucb as the table-cloth, and remurc the cxtnior coating : thoif 
on applying the discharging rod to the two coatings^ no ipatk or ex 
plosion will take place, and they may bo takcD in the handa wii 
producing any abode, proving tliexn to be quite free from any eloetrical 
charge : now replace the coattcgs on the jar, and complete tbo cmnui 
with the discharging rod: both epark and cocploeion will reeult, piovioj 
tliat the charge of the Loydcn jar is dependent on the dielcetnc ^hhM^ 
and that the only use of the coatings b to foraish a i«wiy lucaiu %i 
conitnuaication between the charged particJos. That the eaaltogM art 
not abaotately necessary to the charge of a glaaa jar, is prowd 
Kxperimcnt 29, I^ecturc Ist. 

£j. 5. Place a charged jar on an insulating stand, and make a e 
anuucation betweeu the interior ooatiog and the electric bella, Fii;. 34: 
they win rem^ at rest until the outside of the jar is connected with 
the earth, when the clappers will be set in actiro motion: tbua, b; 
touching the exterior cuating, from time to time:, with tho Bngvf, 
bcllit may ho made to ring at pleatfuru. 

£;b, 6. PLioe sorme gunpowder on tho ivory slip of the table of tlie 
universal discharger. Fig. 42 ; and having unscrewed the Italia <», *t 
insert tlio puinta of the wired iuto the powder, about half an iocli apart 
on pasEing an exploKiuu from tlie Leyden phial through the powdvr, 
will be scattered in all dirociionB, but not i^ited, an effect occaaii 
probably, by tho euorruous velucity (576/100 miles in a second, 
ing to WheatstoDd'6 experiments) with whicli Electricity travcla, 
alluwiug sufficient time to produce tlio cilccta of conthiiKtiim : that 
ia tlie reaaon, is rendered apparent by 

£js. 7. In which some loose gunpowder is pUood iu the ivory id 

FiQ. 50, 







Fig* AO, and Ote circuit intorruptod by ton or twelve tndies of ^trmttt n 
a porcelain boatn : under thcec drcmnatanoea tlie gunpowiler is fired 

dp'' 'he jar, 

' • j>reimt« Mr. Stuti;t>on's nppiratux tot firing gunpowditt. 
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Flu. 51 




18 placed m tlie n-ooUen cup 
dry ot mado np into a pyra- 
irm with a little wntor. The 
baD ('y which moves on a joint, is 
vogbi unmedtttely over it, the chains 
jMbkg eonneotcd with the outer and 
[mbflet of a Leydcn jar. The did- 
takes phice, and the powder is 



8* Tie aoinc tow loosely ronnd one of the knohs of the discharg- 

d dip it in powdered rosin : pUcc tho naked knob in contact 

OuLdido of a charged jar, and bring tho other quickly in con- 

the ball a : dtscttarge will take place, and the resin will buist 

flame. 

j^x. 9. Place a thick card or some leaves of a book against the outer 

g uf a I^eydt-n jar, or K'tween the knobs of the universal dis- 

: pass tlic explosion, the discharge will pass through tho paper 

, and perforate it, producing a hnrr or protrusion in both direc- 

i$}iough the force producing it had noted from the centre of the 

of the card outwards ; a strong and peculiar odour is at tlic 

ihaa developed. 

. 10. Drill two holes in the ends of a piece of wood half on inch 
img and a (|tiarter of an inch thick : insert two wires in the lioles, so 
tlie ends witliin the woo<l may be rather less than a (jnarter of an 
nch distant from each other: pass a strong charge through the wires, 
uid the wood will split with violence. 8tones may be split in a similar 



Atr, 1 1 , Hang two curved wires, provided Fia. 52. 

irith a knob at each end, in a wine-glaas nearly 
uU of water, so that the knobs shall be about 
lalf an inch odnnder: connect u, Fig. 52, with 
Kc OQtrr coating of a charged jar^ and 6, with 
coating, by moans of the discharging , 
Hua explosion takes place, tho glaaa will be broken with 




tovG tlie press from the universal discharger, and place a 
candlo in the socket : nnscrew the bulb, and arrange tho points 
a little above tho top of the wick of the candle, and about 
charge a jar, and having blown out the candle, mako 
tioos between the outer and timer coating : the jar will dia- 
Ai the smoke of tho cantUe, and reUght it. 
I tho candle so that Uie ilamo sboU ho exactly an a 
Iwitli tho (wo points of tho discharging wires : get tho point of tho 
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wire which is to communicate with the interior costing of tlie jar, 
tho distance of one inch and a lialf from llie flaint*, t^nutf the wick 
the candle \ery low, and conipletu thu circuit, tl»o jar will ^M^ 
itself slowly and put out tlie candle. 

£jr, li. Remove the candle, and screw the tiihlc into the ai 
the universal discharger : place a lump of sugar uu tlic ivory eli| 
having scrcwc-d the brass balls on the disclmrging wires, bring thu 
face (tf the sugar to nearly the same height as the centre of tho bal 
Fix Lane*3 discharging electrumeter, Fig. 44, on the Jjeyden phiaj, Aui 
iBteq)0!>e the univerual discharger between the chain / and the oul»j 
coating of the jar : darken the room, and turn tho electrical luacldnd* 
When tho jar id charged sufficiently high, it will di^Kharp) itM>lf ow 
the surface of the augur, illuminating it, and the light will c ^ 
some time. If hve or six egf^s be arranged in a Blmight lii 
contact with each other, they will t>o rendered luuxinouii by pacBung « 
small chargt* through thorn. 

£x, 15. Place a little model of a hratjs cannon on 
m circuhir brass plate fixed on the top of a Leyden 
phial instead of the ball, as shown in Fig. 33 : cun- 
ncct the square piece of brass a with the exterior 
coating, and arnmge it ut the distance of about half 
an inch frum the mouth of Uic caimon ; bring tlie 
knob & of the cannon in contact with the prime con- 
ductor, and hold a card between the mouth of the 
cannon and the brass plate a, so that it &hall nnt 
touch either: when the jar has received a sufficient 
charge, tho explosion will pass, and the card will be 
pcrfuratcd, as iu Kxporimcnt I). 

JSx. 16. Colour a card with vcrmillion, unscrew tlie halla from tb> 
universal discharger, and place tho points on opposite siih- ' ' 
card, one about half an inch above the other ; discharge a jm 
tlie card, it will bo perfurated at the point opposite to the wiro 
nectod with tho luyatic^ aide of tlip jar ; a ztg-aig black lino of redt 
mercury will bo found extending from the point where tho p 
tive wire touches tlie card to the jilncn of perforation. Th' 
result arises from tho great facihly with which positive 1 :;...,, 
poawe through air, ss compared to negative ; aad on repeating 
fixpctiment in ractw, the fwrforation alwavs talies place at 
interr/u'diatt? between thu two wires. (Dr. (Jnlding Bird.) 

jfi'>, 17* To the knob of a lai;go jar A, Fif(. 54, tcrrm* a »aii 
metallic stage C, on which place a small jar FV ' i ' " 
the usual manner; the KiimU jar, though it wii' 
ttftual accoptatioa of the terui, will nrvertbelvaci be in ■ tt^tc of 
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matloB ; and on bringing one ball of tlio discharjriug rod 
lact nilU Ute exterior coating of the Urgo jar, and 
Uirr in contact wild the knob of the nmall j.ir, a fliush 
rpport will rwnlt, arising from the neutralization of a 
n oC llic negntivo Elutrtricity of the outside surface of 
\y a carrespunding portion of positive Electricity from 
iutcriur of B : bot/i Jars will now he charged, the inner 
cr uf A and the outer surface of K being positivp, and 
outer surfaoo of A and the inner tmrface of B negative; 
bath jars may be discliarged togctlicr, by connecting 
idc of B by means of a wire or chain with the out- 
of A, and bringing one knob of the discharging rod in 
with tliia wire or chain, and the otJior on the 
C, on which the small jar stands. If the largo jar A be first ^»- 
ebarigcvl in the nsnal manner, by bringing one knob of the diacharging 
fwd in ooutact with its out«ide coating, and the other within striking 
^ij|anpi> of the 3t;)gc Cy a second charge will he communicated to it by 
polar influence of the small jar the moment that the dia- 
?xod is removed; and a second small explosion will take place 
ing the dischorging rod ; after which, both jars will be reduced 
y to a state uf neutrality. 

1$. Fill the bent glass tube, c r/. Fig. 55, with resin, or sealing- 
3C, tlicn introduce two wires, a i>, through its ends, bo that they may 
toQcYi llio n.'sin and penetrate a little way Fio. 55. 

it : let a person holil the tube over ft * 

fire hy the aitk string «, so as to molt 
and at the same time connect the 
h the interior and exterior coatings 
charged jar : while the resin is solid, 
i»charge cannot tike place through it, 

it melts it becomes a conductor, (see Exp, 20, Lecture Ist) and 
the diwihnrgc passes freely. 

The sudden rarefaction which air undergoes during the 

the electric spark through it, is well shown by an apparatus 

y Mr. Kinnereley, of Philadelphia, and shown in Fig. 56. 

OQQiisU of a glass tube ten inches long and two inches in diameter, 

air-tight at both its ends by two brass caps : a small glass tube, 

ai botJi ends, the lower one bent at a right angle, passes through 

iMrttom cap, and enters tlie wafer contained in the lower portion of 

lube. Through the middle of each of the brass ca])3 a wire is 

-1. tcmrinating in a brass knob within the tube, and capable of 

1." u;i!i the caps* so as to be placed at any distance from each 

U the two knobs be brought into contact, and a Leyden jar di&- 
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charged tfaroogfa the wiies, the air widiin the tnhe 
nndergoes do change in Toluxne : bat if the knoha 
are placed at some distance from each ether when the 
jar » discharged, a spark passes from one knob to 
tlie other : the consequence is a sudden rareCurtioa 
of the air in the tube, shown by the water instan- 
taaeoa^Iy riang to the top of the small tube, and 
then suddenly bubaiding ; after which it gradually 
ijink« to the bottom of the tube, the air slowly 
recoTeriiig its original volume. 



Ex, 20. Fig. 57 represents two small electric jars, coated aa usual, 
exUrnallyy and provided with valves to withdraw the ur from them 
by means of an air-pump. Alter the exhaustion, brass balls are screwed 
on the necks of the jars over the valves. From the Fia. 57. 

brass caps wires proceed a few inches within the 
phials^ terminating in blunt points. A jar fitted up 
in this manner may be charged and discharged like a 
common Lcyden phial, induction taking place with 
great facility through highly rarefied air. When 
charged and discharged in a dark room, the extremity 
of the wire in the inside becomes beautifully illu- 
minated with a siar or pencil of rays (as shown in the figure), ac- 
cording as tlie Electricity happens to be positive or negative. Thii 
experiment is known aa tlie Leydcn vacuum. 

A>. 21. One of the must beautiful experiments in Electricity is that 
of tlic " falling star :*' it is produced by transmitting a considerable 
electrical accumulation tlirough an exhausted receiver. Singer, in hia 
excellent '* Elements of Electricity," recommends a glass tube, five feet 
in length and ^ of an inch in diameter, capped with brass at each ex- 
tremity. When such a tube is exhausted, no ordinary Electricity wiU 
pass through it in any other than a diffused stato ; but by employing 
the charge of a very large jar, intensely charged^ a brilliant spark is 
obtained through the wliolo length of the tube. The metallic termi- 
nation in the tube should be a very small and well polished ball; and if 
care bo taken to liaye the brass caps well rounded, and the air within 
tlio tulNJ, not too much attenuated, the experiment will rarely ful. If 
the tube bo six feet long, it may be four inches in diameter, and a jai 
having five square feet of coating should be employed. An assistant 
should work the pump, and the operator should occasionally try to pass 
tlic charge down ; when at a certain degree of exliaustiooy it does ao in 
a brilliant line of white light. 
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58 reprrsontB un ingcmous contrivancp for showing the 
of gunpowJur by fio. 58. 

jf Ic ia generally 
•»veQ or eiglit inches 
ftad nearly iho eamo 
to tho top of the rouf ; 
(i<T, and that half of the 
text tho eye, b omitted in 
Igure that tlie in&ide may 
loro coDirenicntly seeo. 
bock, and front of 
aic joined to the 
by hinges ; the roof is 
lividod bto two parts, which 
inr alflu (ostcned by hingea to the aides : the building is kept logothor 
»y » ridge fixed half way on ono side of the roof, ao that whcii the 
is put together it holds it in its place. Withiu the houso 
a brass tahe 1^ inch Ion;;, and § of an inch in diameter, screwed 
to a pedestal uf woud, which goes through about one-eighth of an 
the other end by means of a chain has a communication to tho 
</v at the other eidu of the tube, a piece of ivory, ono inch long, 
^w«df with n small hole for a wire to slide into. 
%> u»o this a{>parattis, fill tho broas tube a with gunpowder, and ram 
j^ire A a siuall way into the ivory lube ; then connect the hook o 
tbo bottom of a large Jar, inteq)UHing a diali of water as in Fig. 20: 
the jaTf and form a cunimunication from the hook d to tho knob, 
Wc^ will take place, the gunpowder will explode, throwing 
tlie rouf« upon which the bidee, front, and back will fall down, 
iMat, however, undergoing any damage. The apparatus may bo 
on the ground, or on a table out of doors, coniniunicatiou bt^ing 
liflbed with the Leyden phial within, by means of insulated wires. 
23. Fig. ^^ exhibits a piece fio. 59. 

itus for showing in an 
manner the power of the 
icbargo to cause tho clc- 
of water, viz. oxygen and 
kjrdrogeOt to enter into combina- 
The metallic wire which 
ihrough the tuach-hole of 
brass caimon is insulated 
Ih6 notol by a hollow tube 

; ihia wire reaches nearly hut not quite aorosci the bore uf tho 
The cannon is charged iu the following manner; — the uiixtuio 




of Uie oxygrm and hydrogen gns being re»ily in a i '7 ^^^^^H 
lK>ttle, the cannon b filled wiili sa.ncl, Jind being held . ''^^^^^ 

of the bottle, the stopper la removed, and the swid fmm th« cannaa 
entering the* gas at the »amc moment atM^ending oocnpics its i^aoe. Hm 
moutli of the cannon is clo^-d by ii cork^ which U projroted ti» a con* 
aidcrahle distnjice by the force of the explosion. A angle mffpectsnn nf 
the figure will »how the manner of passing the elwtrJc dcsdurgn. 

Ex. 24-. The following experiment is exceedingly bcaiitifal, and 
hif;hly intercatingj as demonstrating tho ojipositc < ! fa 

charged jar. Make the resinous cake of nn electroph : , -.' '^^d 

trarm : draw lines on it with the knob of a positively chargtxl jar, wtA 
sift over these places a mixture of sulphur and red-lead; oo i' 
the plate to allow the pxccfLS of the powder to fall off, every line- 
by the knob of the jar, will be observed coveted with the #MJpJhir, 
wliiUt the minium will be dispersed. Oa wipb^ the plate, and dfs«« 
iiig figures with tho outdidc of the jar^ the sulphur will bo di«pened» 
and the minium collected in a very elegant manner OD tht* linp« dcncnbed 
by the outside of the jar. The rationale of this ex{»eriinc»t ifl as fol* 
lows: — the sulphur and red-lead, by tho friction to which they haw beat 
exposed) are brought into opposite electrical states, the sulphur is retiil^^H 
negative, and the rod-lead positive, so that wlien the mixturo is nJt^ 
to tall on surfaces possessing one or the other Electricity in a free stale, 
the sulphur will be collected on tho positive, and tl. -i on th« 

negative portions of the plate, according to the \n< i. hiw of 

electric attraction. This experiment may be varied by tracing varioas 
lines at pleasure on a smooth plate of gkss, with the kuub uf a jar, 
charged fir^t with positive and then with negative Electrioty : on 
gently dusting the surface with the mixture of sulphur and red-lead, a 
scries of red and yellow outlines w ill bo formed. This cxpcnmoui urai 
devised by Professor Lichtenberg, of Gottingca. Tho mecliamed 
effects and calorific phenomena accompanying tho dtschargo of an e3«o- 
tric battery, are highly interesting. 

J?.r. 25. Between the boards of the proas of the universal diacliarpr 
(d6): lay a piece of stout plato-glaas, and send a yxiw \r^ 

through it, tho glass will not only bo broken into fragm i i 

{Kirtion even reduced to au impalpable powder. 

J£r. 2(5. Lay a fine irou chaui^ about two ft-el luu^, upon a yli<'.r-t o! 
white paper, and transmit a charge from mx or eight «qu&rt? feet of coated 
mrface thrrmgh it : on rrmovmg the chain, it« outline will be obsvannrf 
marked ujiou the paper with a deep stain at each link, indeed, if thk 
chargv U Diifficicntty powerful, the paper is frequently burnt Uinni^h. 

A>. 27. Place a »lip of tin foil, or of gold leaf, lictwe(«n two ptoem 
of paper, allowiog tb< euda to project, aud prean the whole fiLrmly b»- 
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gvtber betwoeo tho boards of the prose of tho univorao] Uibvbargcr; 
tnoHBii the ahock of a bftttcry tliroiijc;ti it, the niotab will be com- 
pirtdy oidduied ; if gold loaf be the iiioial employed, tho paper will be 
Kmnd stAiued uf a deep purple boo. 

M^ 28. If a piece of paper be laid on tho table of the discharger, and 
a powerfal bbf»ck directed through it, it will be torn in piecps. 

The cltx'tiical battery is exhibited in Fig. i7, in the orrangeniont for 
fiuaog mctalhc \%'ire3, and converting them into oxides, and in Fig. '^5 a 
laigf* jar is represented in tlie experiment of fuHing fine iron wire, a wiro 
i>eiog aubdtitnted in place of the chain at c. The best material for this 
pur]io»e is tlie £nedt flattened stceL, sold at the watchmakers' tool bliopa, 
under the name of watch-pendulum wire. It does not require a large 
Dt of coati-'d surface merely to fuse metallic wirefl, provided they are 
ciently thin ; but to efft'ct thrir oxidation, large Latteries are ncce»- 
nry. From Uio experiments of Brooke and Cuthbcrt^on, it has been 
iaferredy that tho bngtli of wire melted by the electric discharge, varies 
aa the ajnart of the tfuantitf/ of accumulated Electrieittf which is sent 
throagh it : thus, a combioation of two jars, charged to an equal degrees 
will roelt four times tho length of wire which one jar will melt. 

Fig. 60 represents a uscfiil appa- Fio. 

deflagrating metallic wires, 
hj Professor Hare. Two 
bnui pUt«B «, f, are fixed in a pe- 
dortal by » bolt N^ about which 
tbejr hare a circular motion. On 
osM of tbv plates a glass column C ia 
ocmetited, surmountod by a forceps 
F ; at tiie corresponding plate there 
b % hnm rod R, furnished also with 
ft foroepft. Between this furccps 
and tbat at F tlie wire through 
Yifaicli the electric charge ia to be 
MDi is stretched : it may be of ra- 
riona kngtlis, ooeording to tho angle 
wuich Uie plates #, «, make with 
tocib other. The hnttom of tho pc- 
doatel ia in communication with the exterior coating of a jar or battery 
nhicli is charged from the prime conductor B, and with which it is 
tUowvd In remain in commnntcation. Now, it is obvious that in this 
eaac, tooohmg the conductor is equivalent to touching the inner coating 
uf the battery. Uovrovor, by causing one of the knobs of tlie discliarger 
D iij bo ia cootaot with the insnlatod forceps F, and approximating t)io 
oUiflt knob to the prime conductor, the charge will pass through the 
wire l\r. r 
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ELECTWCTTY. 

Tlie oxides uf metnls produced by eending powerful trlcclrio 
througli fine winai, and which may bo prcserred by 8Uotchin| 
about i (if an inch above slieets of wbite japfr, a» shown in Fig. 
arc cxceediugl)' beautiful: the wires diaappcar with a brilljant Ha^h. 
the paper is found marked as described below (&om Siugur'a Klcctricil 
though no description can convey an adequate idea of the besi 
of the impreasions. 

Diameter. Colour of the Oxides on paper. 

m inch purple and brown 

" S'^yi brown and j^ruuu. 

" B*^/ *^"^ light brown, 

„ green, yellow and brown. 

„ light brown. 

„ yellow and grey. 

„ dark bron'n. 

„ brown and blue grey. 

«i purple and bruwn. 

£r. 29. By the following experiment it will be proved that £ke- 
trioity oxerta an agency directly the reverse of the above, rix. tbat rif 
restoring to the metallic state oxide of tin. If a portion of thi» oxida 
be ificlonc-d in a g1ut«s lubr, and a sucoeseion of &troog explo&iona dircctni 
through it, the glass will after a time be found stained with mrtalHe 
tin» and vemiillioii may be resolved into mercnry and sulphur by Uio 
charge of a niuderato-tsized jar. 

Fio. 61. (08) It was with an apparatns constructed OB 

'J\ the principles uf the Lcyden phial, that Fr"-"'-- 

succeodetl in proving by the most diTcisivc • 
inent that xntiur.tvjn hat a particular «/.. 
the different kincU of mattrr through vAici 
tJMTted, A Boctiop of thitt togeiuoufl eooiiivatutf 
ia shown in Fig. fll. a, tf , are the two h:i' 
a brass sphere, witli on air-tight joint at r 
that of the Magdcburgh hetuispheroB, made pa* 
' \ \ fpctly flush and smooth iimidc, bo oa to pw^'^' ' - 
A j fti irregularity ; <? ia a counceliDg piccc> by whp 

a]>paratuB in joined to a good stop-cock </, whick 
is Ltflelf attached either to the moUllic foul <*, or to 
an Dir-ptitnp. The aperturo within tibo iwmi- 
^phctu at/ 19 %-^ry ^niall : ^ it a htna •ooSkm UttA 
to the upper hemisphere, throogh wbkli ilit 
Uti support of llio inner ball and tU stem 
A ia ilie Loner boll, also of brass : it wnwi cm to 
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i, terminating nbovf^ liy .1 bru^ bill B ; /, /^ is n mass of 
moulded carefully on to f, and scrnng both to eupport and 
inralatc it and its balls h^ B. Tlie slioU-lac stem I is iittod into tlie 
»ockrt// by a litilu ordinary rt^inous cement inoro fusible tliAn ehell-luo 
applied at m, m, in such a vray aa to give sufficient strength and rundcr 
the apparatus air-tight there, yet leave aa much aa possible of the lower 
part ijf the shelUIac stem untouched as an insulation betweon the ball h 
and the surrounding nphero a, a. The ball /i has a small aperture at », 
su that when the apparatus ia exhausted of one gas and filled with 
another, tlie ball A may also itself be exhausted and filled, that no 
variatiun of the gas in the intcrral may occur during the courao of an 
vjiperimcnt. 

{09) The diameter of the innor ball is 2*33 inches, and that of the 
surrounding sphere 3'57 inches. Hence the width of the intervening 
9|kice throii;j;h which the iiuluction is to take place is 0'G2 of an inch ; 
and the uxteiit of this place or plate^ 1. e, the surface of a medium 
sphere, may be taken aa 27 square inches, a qimntity sufficiently large 
fnr tlio comparison of different substances. Great care wa? taken in 
EuL^hiQg well the inducing surfaces of Uie ball /< and sphere ci, a, and 
uu Taniii»h or lacquer was applied to them, or to any part of the metal 
vf the ap(»uratus. 

(100) When the instrument was well adjusted, and the shell-lac pcr- 
ftcdy sound, its retentive power was found t-uperior to that of Coulomb's 
£leoizometer, i. c. the proportion of toss of power was less. A simple 
Y>0w of its cotistniction shews that the intervening dielectric or insulat- 
ing medium may be clianged at pleasure with either solids, liquids, or 
gttos ; and that it is admirably adapted for investigating the specific 
iadoctiTe capacities of each. 

(101) Two of these instniments, precisely similar in every respect, 
constructed ; and the method of exfKjrimentJng was (different 

iBBaUting media being within) to charge one with a Lcyden pbiaJ, then 
aAcr dividing the charge with the other, to observe what the ultimate 
conditions of cauh were. For a detailed account of the method of 
maQipulattng, and the precautions necessary to obtain accurate results, 
I must relet to the original paper of the author (ICxperimentol Re-* 
•mkIics, Eleventh Scries, 1 1 87 et scq.) 

(I" Hicstion to Ik) solved may be stated thus : suppose a an 

;r.i - ■ of metal suspended in the air, and b and c two exactly 

omilar plates, placed parallel to and on each side of a at equal distances 
iilated; a will then induce equally towards ft and c. Jf ia 
.11 of the pUtc8 some other dielectric than air, as shell-lac, bo 
.need between d and ^, will the induction between them remiiin 
- ' ^^' I rhe relation of c and 6 to a be unaltered notwith- 
V 2 
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that, in an external diitjction, l«6a than wlien separated by the wltoU 
thickness of the dielectric : wlien, bowovor, ftU external induction 
neutralized by ilie discharge, the force* by which the ©loctric chargo WW 
driven into the dielectric, are at thu same time removed, and Ujo pcno- 
tmted Electricity returns slowly to the exterior mctAllic coatings, con- 
stituting the observed ro-cbarge- According to Faradiiy, it is Um 
awuinption for a time^ of this charged state of tlie glass, between the 
coatinj^ of the lA-yden jar, wliich givea origin to a wcll-knowu plicoo- 
inenon, usually referred to the diffusion of Electricity over the uncosicd 
portion of the glass, namely the r<ttM/ua/ cA^i/^/k ($0). After a iuj^ 
battery has been charged fur some time, and then discharged, it Le foawl 
that it will spontaneously recover its char^ to a very conf>iden>blo ox- 
tont. and by far the largest portion of this is relencd to the retoro oC 
Electricity in the manner described. 

(111) AVIieu a largo jar or battery is discharged by a metallio wiro 
held in the hand, without 4be protection of an insulating handle, a 
slight Ethock is frequently felt in the hand that groups thit wire : aail 
if a large jar be placed on a table, with its knob in contnct with iht 
prime conductor, and if a chain bif stretched upon thu table, with tMtt 
end nearly touching the outside coating of the jar, by charging the ap- 
pfkratus till it discharges itself volunlirily, a spark is seen to pasn betwivn 
each link of the chaiuy which thus becomes illuminated, thongh it forms 
no part of the circuit. 

(112) This &park is called the lateral difchat^ye ; it is oceasicknod by 
a small excess of free Electricity, which distribntea !l«elf over a dis- 
charging surface, when a charged system is diecharj^cd or ti*»ntr:vlij«d. 
It arises from the fact, satisfactorily established by Harris, ^v^ 

ledged by Biot, Henry, and others, that the accumulated L. ^ .y U 

never exactly balanced Wtwcon the opposed coatings; «o that there will 
always bo an excess uf positive or negative Electricity ^ttr the neutral* 
izing tjuautittes tliemselves, disposed on the coatings of the jar. l*be 
eziflteoco uf this cxceaa of Electricity^ either positivo or negatives is 
proved by the fact, that if we charge a jar, allow it to remain insalatod, 
and discharge it grailually, by drawing Kparks from the knob, and add* 
ing them to the ontcr coating, we can always take a JiniU spark from 
either side alternately, whiUt the jar re«ts on the insulator. 

(113) If we place a charged jar upon an in&ulatlng stand, and dit- 
charge it in the naual manner, v,ith a dibcharging rod, the eaccst» of fiur 
Electricity exhibits itaolf in the form of a spark, at the moment of dW* 
eharge bctwtv?n any body connect^ with the outer coating:, and aAoiUor 
in c tion with the earth : the intensity of Ibu 9par! 00 

the -. , I the jar, being lc*» with a largo jar, and ^j 1* » 

small one; the quantity of Electricity diacharged being (be nanw ( llania^ 
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After the di(H:liarge, (he koob, outer coating, and all bodies connected 
filii the jar, art? found in the stiine electrical stftlo, whiHi wo may make 
fliier positive or negative, by taking a spaik oilltor fruiu the knub or 

eotttiDg, preriously to discliarging tho jar. 

(11-4) 'I'his aniall quantity of free Electricity may bo obtained even 

vrlicn the jar ie cunnectei] with tlio earth, provided we seize it before 

iho condactors have time to carry off the residuary accumuJutiou ; it 
iriog been proved by Prtifesaor >Vheatstone, that some ])ortion of time 
ifmea in the paamgo of Eloclricity through wires: t!ie eff<«t, however, 

is grcAt««t whon the jar and ils appendages are quite insulated. 

(115) Although I believe the above to bo the true exphuiation of 
rhfti is icrmed the lateral discharge, agreeably to tho opinion of Mr. 

"-'now Harris, it h right that I bhould mention that different 
■V c been taken of the pbenouienon : — 3!r. Sturgeon, in his 

memoir on XJghtning Conductors, (aue Annahi of Electricity, &o. for 
October, I8?)9,) states that tliere aro Miv^ kinds of lateral discharge. 
»e fir>t, he says, takes place at *' every interruption of a metallic cir- 
by it the air is suddcidy displaced, louse bodies are scattered and 
irown from the axis of the circuit, and solid inferior cnnduoting bodies 
•battered or loni in pieces : by it w-aves of Electricity are produced 
tb« neighbouring atmos^>herc, and the bodies within it." TAe wc07td 
of lateral discharge, according to Mr. Sturgeon, ** is a species of 
ioo of tho electric matter from the snrfacc of good condnctora, 
log a direct or primitive discharge. It takes place most copiously 
Ibe ed^ of strips of metal, or from the surfaces of ragged or as- 
19 wircB/' Tho third kind is "a displacement of tho olectrio fluid, 
to thoHo bodies which are vicinal to a continuous conductor, 
'ing the primitive discharge." 

(116) As 1 Eihall have occosioD to advert to these views of the lateral 
shargc in the next Lecture, while on the subject of lightning con- 

lixriors^ I defer for tho present their farther consideration. 

(117) Pftyniolofficai fJ/'c<U of common J^iectt^city : — Tho sensation 
experienced, when the body is made a part of the electrical circuit, is 
now BO uDiver^ly known, thatn description here would be superfluous. 

!he exaggerated accounts of their feelings, on tho first transmission of 

diacbargv tlirough the bodies of tho first experimentalists, was alluded 

to in tbu Introduction (7). It ia not, however, easy to explain tho 

of the miucular contraction that ia experienced. Tho invohmtaiy 

may be produced by the concus&iou of a material agent (?) posa- 

mg tbnmgh tho body, by an influence ou tbe nervous systoni, or by a 

nldon dtAtnrbanch uf the eloctric equilibrinni : and the dull pain at tho 

is probably to be traced to the resistance which tbo force CX- 

periettoea in passing from one bone to another. 
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(118) It is sUtcd by Mr. Morgan, that, If a strong elutck Im pMBll 
through the diaphragm, the sudden contraction of the mii^cles of re^ 
spiration will act so viulently on the air of the lungs, a3 to ooca»iou ft 
loud and involuntary shout ; but that a amaXi charge occasiona in lh« 
gravest person a Yiulcnt fit of kughtcr : pereona of great narrauB bob- 
sibility are affected much more readily tliaa others. 

A small charge sent tltrough the spine instantly d«privefl tl)« persoo 
fur a moment of all muscular power, and be generally falU to 
ground. If the charge bo very powerful, instant death is oooaau 
Mr. Singer states that a charge passed throngli the head gavo him 
sensation uf a violent and universal blow, which woei followed 
transient loss of memory and indiBtinctnesa of rision. A small c1 
sent through the head of a bird will so far derange llw optic nervo 
to produce permanent blindness; and a coated surface of thirty square 
iuclies of glass will exhaust the whole nervous uyatem to such a degi 
OS to cause immediate death. Animals the most tenacious of life 
destroyed by energetic shocks* passed through tbo body. Van Mi 
found that eelB are irrecoverably deprived of life when a shock is 
througli their whole body : when only a part of tlie body is included 
tho circuit, t)ie destruction is oonBned to that individual part, whiU 
rest retains the power of motion. 

The bodies of animals killed by lightning arc found to undergo 
putrefaction ; and it ia a remarkable circumatance, that after death 
blood docs not coagulate. 

(U9) Wheu tho Leydco pbial was 6nt difioovered, it was imas 
that an agent uf ahiiost unlimited medical power waa raised, and it wa« 
applied indiscriminately for the most opposite diseases. The jalliue 
consequent on such quackery brought Electricity into diaroputc, and 
ft>r a long time it was discarded almost entirely from our liospitols. It 
Ja now again more generally euipluyed, and has been fuimd of 
■Bcrvioe in many coaes, sucli ae palsy, contractions of tho limbe, tUem 
usm, St. VitUH*t) dance, some kinds of deafness, and iui paired 
It ia administered in five dlScrcut ways: — Ist, under the fc 
gentle stream or aura, from a pointed piece of wood provided with aa 
inRulating handle, and communicating with th« prime cundp \y 

this means it may bo directed to parts of great seubibihty, ^ 
2nd, by caut^ing the jiort to be operated upon to draw s}>arkB from Uit 
prime conductor; or, placing the patient on ft stool with ghioa Us/rn^ by 
drawing sparkii from him with a mrtallie ball. 3rd, by tba tnuueup^ 
faioii of bliockit, which is tijo most severe aud painful, and which 
ii caution, ith, by galvani^iin. And 5th, by electro-magi 
magncio-clcctricity, both of which Ultor n>elhu«U will Imj di 

futun Loctnrcs. 
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(ISO) Thero con be no doubt tlmt Electricity is yery miiterialljr 
c<l in liio econ*^my botU of animal and vegetable life, but we 
Qo precise infiirmatiou ou tlie subject. It la uot tmprububla 
tlui It may liave somethinjr to do with the rise of sap, Crom the fruit 
t Klectncity Always iucreases the Telocity of a fluid moving in a 
illary tube. On vegetables atrung Hhocks hnvo thu same effects as 
on animals, namely, produce death : a very aliglit charge is sufficient to 
kill a baUam. It may further be observed that living vegetables are 
the most powerful conductors with which we ore acquiiiuted. Mr. 
Weekca found that a coated jar, having 40 inches of metallic surfocei, 
was repeatedly discharged by the activity of a vegetable point, in 
4 inin. 6 see. ; while the same jar, charged to the same degree, required 
1 1 min. € soc, to free it from its electric contents by means of a metallic 
point: the points in both cases being equi-distant. The same gentleman 
also found that the gold-leaf electroscope is powerfully affected by a jar 
at Uie distance of nearly aevon feet, when the cap of the instrument is 
fumtehcd wiUi a branch of the shrub called butcher » broom ; though 
tiM same in&trumeutr when mounted with pointed mctiiUic wires, is not 
perceptibly affected until the charged jar approaches to within two feet 
of the cap. 

If a bludo of grass and a ncvdle be hold pointing towards the primo 
oonductor of a machine, while the person liolding th<:m recedes from the 
ittitniment, a small luminous point will appear on tlic apex of the gross 
long after it has vanished froTn the apex of the needle. 

(121) The following experiment was made by Pouillct, who drew 
from it the cuncluston tliat a considerable portion of the Electricity with 
ich the atmosphere if^ loaded is derived from the gaseous fluids given 
by plivhttf during the process of vegetation. But it is right to 
iSMttiCio4i that the experiments of Sir li. Davy, described in the Phil. 
Tubs, for 1820, p. 398, are rather inconsistent with that of the French 
Eleetrician. 

M. l*ouilIet arranged in two rows beside each other, on a table var- 
nUhcd with gum-lac, twelve glass capsules, eacli about eight inohca in 
diamotor, coated externally fur two inches round the lips with a film of 
lac vamich : they were filled with vegetable mould, and were made to 
cooanmnicate with each other by nit't;dlic wires, which passed from tho 
inmda of one to the inside in the next, going over the edges of the 
capfolcs. Tliufl the inside of tho twelve capsules and the soil which 
tlney cootaiaed, furmed unly a single conducting body. One of these 
ApMiIflS was pUctfd in oonnnimication with the upper plate of a con> 
Awtmet by meatus uf a brass wire ; while at the same time the under 
plate wa« in comnmnicatiun witli tlie ground. 

Tkingv boing in this situation, and tho weather rery dry, a quantity 



m 



•A v.r^ "w v.-ri ia 'sla v.\L -r:a2uxei ia cnie eapscfes. and the effiecii 
v«? wvcb^i- T^ JL;«:r^::c7' w^d -arsf225* rime, and nather fire^ 
Kr lir*.^ =*"-r mj ti«^2i£iri :«.«i5. wig ia:r:»rao&i ic» h. Dimng tfao 
r*"^ ZTtZ IxT^ vi>? r^"=* £^£:l<^i. ^zA iI:j£ tlzizsIs idsaed oat vbont 
:he 'jiEztii :: i '-":e. r'n !!•: r:c =::ik-> iliicir arpcannce abore the 
F;rib--r A ^bs ar^ E-^ :& ^-i iliri ii;s- *h* bUries appeared above 
li-i iTirljj*. iZ'i 'wrE :■; iz<:-izi5 ".: tie wisFiow, whkh 'was not 
pT-.TiUi: -wiic. ii--i,tr«. P--: Mii-iai-sec wa* r.:-w charged with poiititt 
EI«"rl':--:T ; cvcje:--:!:!!^. :*-.; car^«:cic icri ras wiiich disengages itsdf 
^^T.r.z v.^ r=n:-'.:ii;c :: -.'-.c seei is ciir^eii wi-Ji p:!atiTv EEectricitr, 
aci ii t^-=rrf.;^ ir^j^ev in :1^ ?a=ie «u^: as ihe caHK-nic acid formed 
ty c>:::i:.*«t;:t:. Tii* txr^r.— ^t* wi.* r^r«?a;ei serexal tnncs with 
sncr^ss. B~' tr.-e Elsctrlchy- cazs-:a W rv:o ^aisel nnkss the weather is 
eicr-yi:ri^'r irv. cr -nl-isa ^^.■^ ararnn-rr-; i* aninoUlly dried by intro- 
dnc:r.:: =-l-*-u^c« wii^'a bi^e th'S pririeny .f 4i>5»:-rlin^ moisture. 

'n.*:='r ci'-r;* j* \.*z\z.z iii^diicii, and ;Ji3 air beinj Terr danr, and the 
Si>U so irr '.i-a". it ii a:i i2i^-:r:ec: ct:ni*jc:*:r. it is evident that the 
El-irctrc".:;.- wi'^i l^ rctiir.. :. Aci?.ri;ar.j-. when the condenser was 
broT:::'.t :tt-j a caf.:ral state after vce ct^ervativn. and then replaced for 
exj*eri:i.vr.i, daring cn-e st-cozi cnly. i: was f.and to be charged with 
Eiectriciiy, 

(122; Mr. Pine, of MaMstoco, describe* the following experiment,* 
made to drterniin':r iLe in£uei:«-* of Elociriciiy t-n germination:*-A few 
CTaini of mustai'l s«d were sowed in *iciilar vJiXa contained in Lcyden 
jars, electrified positively and nc-jatiTtly. In f^ur days the plants 
iijgned from the soiU in both jars ; but those in the negative jar» were 
most advanced- Plants under ordinary circumstances did not appear 
till aVjut two days later- In faurteen days from the time of sowing, 
the planU in the nogatire jar had grow-n to ^ inches, those in the 
positive jar to 2^ inches, and those in the ordinarj- state to 1| inches. 
The jars in tlit-se experiments were uninsulated for the purpose of 
allowing a slight current of fluid to pass through the plants. It is 
diiiicult to understand the manipubtion in these experiments; and, Mr. 
Pine having declined to furaish me with any information on the subject, 
the readier must be satisfied with the above statement of his results in 

his own words. 

The following experiment was made by Mr. Wcekcs:— In two small 
flower-pots, filled with rich mould, a few grains of mustard-socd were 
sown ; both were kept gently watered, but one pot was iMulaU^ toA 
fri.-ciiieiitly electrified under circumrfanccs which kept it, as it were, in 
an electrified atinosphorc. The other pot was not interfered with, and 
the result was. that the vegetation of the electrified seeds appeared 
* Prececdiogi of the Eleetricsl Ssdety. Fsrt III. p. 163. 
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^evend days before the othciSt and continued afterwards to grow witli a 
mudt grealcr degree of vigour. Tl»a Electricity employed was derived 
from a galr&mc arrangement of thirty ^airs of plates, charged y\ ith salt 
vrat<:r. 

(123) It will be proper t(j mention, however, tl»at the experimenfa 
idertakcD by myst-lf Imve failed to show any advantage in favour of 

;lrtiied soiL They were aa follow : — Three small metallic cups were 
with fioo TCgetable mould, and in each a few eecda of mustard 
sown. The boU in each was uniformly moistened with water. 
Two of the cupe were insulated and kept constantly electrified by two 
batteries of twenty pairs of 5-inch plates, charged with pump-water, 
tlio current boing made to pass fio^rn tlie soil in one cup, and up the 
in the other. The tliird cup was unelectriBed. Od tlio third day, 
vn«Uctriji<il seeds had germinated, and apjtearcd above the surface 
of the mould. On the morning of the fourth day, the young plants 
wx're fully developed ; but in the seoda in the eleclrified cupg, gennina- 
tion had only just commenced. In this experinient, therefore. Elec- 
tricity, instead of favouring, appeared actually to retard germination^ 

'"' " ■ ii-pi>t<i were then filled vrith the Barae soil, and 

I;. "wu in each, they were placed side by side in glass 

basins ouuLaiuing a Httlu water. Two of them were then kept elcctn- 
fitd by the same batteries as before, the wires passing abuut half-an- 
inch into the suil at the surface, and through the holes at the Ixtttom of 
tJ>o pot*. On the morning ot the third day, gcnuinatiun had com- 
mencod in all tlio puts : on the fourth day, the young plants were all 
OQt of ground : at the end of a week they were fully developed, but 
tbcfc was not tiie slightci^t advantage in favour of those which had been 
iai»ed under the influence of Electricity. 

(124) Ch^iieal Effects* — Dr. Priestley first investigated tlje chemical 
of ordinary Electricity by paasing a succession of shocks tlirough 

small quantity of wati.'r tinged blue by litmiui : the liquid in a short 
iirac acquired a red tinge, while the air confined in the tube suffered 
cnrident diminution : an acid had been formed by the chemical union of 
Um elem<rnls of atmoaphoric air, viz. oxygen and nitrogen. It waa Mr, 
(^Tcndiah, however, that first explained this experiment of Priestley. 
(3« Phil. Trans, for 1784.) 

(125) When a succession of discharges arc sent through water, a 
dflGiHSpOflition of that fluid takes place, the dementi of which assume 
ilw. r^nstous form. Thb fact was discovered in IVSO, by Messrs. 

ADj Pactz, and Van Troostwyck, aaaociated with Mr. Cuthbertson. 
;.i« rxperiment tlipy eiriployed a glass tubo a foot long, and one- 
it of an inch in diameter, through one end of which a gold wire 
waa inserted, projecting about an inch and a-lialf within the tube ; that 
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enii -wus then henneiitally seftled. Another wire was mtrndciccd 
other md of tbe tube, which wma left open, and passed upwards, bo 
its uxtrcmity came to a dutaaoe of fire-eighths uf an inch from fclie 
of the* Ant wire. The tube was tlien 6Ued with dtstUled wBt<Qr, 
which the air had been extracted by the air-painp, and iuvrrtcd m 
\eaae\ containing mi?rcuiy. A Uttle comraon air was let into the top 
the tube, in order to prevent it^ being broken by the dtiK:harge. 
tnoal shocks were then passed between the two ends of Uio wi 
through tliG water in the tube by means of a Leyden jar, which had 
square foot uf coated surface. This jar was charged by a very powrrfi 
double plato machine, which caused it to dischnfge twenty-five tiroos i 
fiftoen revolutions. At each explosion bnbbles of gas ro«c to the 
of tlio tube ; and when »u1iicieut water had been dis{>hioed to lay bare 
tlie wires, the next shock kiudlcd the gases and caused tbnr re-asioa. 
Thus do-oomposition and zo-compoaition were effected by iho sum 
agent. In the Utter case, however, it may bo supposed to have acted 
nicchanicaUy, or by the heat evolved in its passage tbrongh a badly 
conducting aeriform fluid. 

(126) In 1801, Dr. AVollaston published in the Philosophical Ti 
actions a description of a mctTiod of analyzing water by the tnuiHmistji 
uf Bparkii instead of shocks. He coiisidvred that the decomposition 
must depend upon duly proportioning tlie tttreogth of the charge eC 
Electricity to the quantity of water, and that the quantity exposed to 
its action at the surface of communication, depends on the extent ef 
that surface, he therefore expected that by reducing tlio surfaor of 
oommunication the decomposition might be effected by smaller machines 
ftnd with less powerftd excitation than were usiudly considered necrssary 
for the purjtosu. " Having," lie says, '* procured a saiatl wire of fiM_ 
gold, and given to it as fine a point as I could, I inserted it into 
capillary glass tube ; and after heating the tube, so au to make 
ftdhei« to tlio point and cover it at every part, I gradually ground 
down till with a pocket Ions I could ditjcem that the point of gtild 
disclosed. I coat^^ several wires iu this manner, and found (hat wh 
flpaiks from a conductor woro mado to pass through wat<'r by meatis 
ft point so guarded, a spark passing tu the dislAncv of oni^ghth of i 
inch would dt.*curap08e water, when the point did not cxcocd ^^ of ; 
inch in diameter. With another point, which I estimated at i^^^ 
succession of ttparks one-twcutieth of an inch in length afl'i>tdcd 
current of fliuall bubbles uf air. 

(127) In theso ingenious ox[>erinionts, howe>'ttr, irvetJtet, 
dficompotition was not cffcctod ; that is, "th.- V ' ' 
tnnaferoDoe and final placo of the evolved I- 
Tli« wator was docompoeed at both pohts indcpcndtfoUy of pGoh u 
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And Um oxygon auJ liydrogcu gaaes evolved nt tbe wires are the 
eleoioits uf Uio watCT existing tlio iastant before in thoae places. ^'That 
tbe polce, jur rather pointa, have no mutual docompostng dependence, 
any be shown," observes Faruday, ** by substituting a wire, or the 
fioget, (oi one of tlictn, — a chaiign wliich does nitt at all interfere with 
tbe other, though it stops all action at the charged polo. This fact 
mxf be observed by tuminp the machine for some time ; for though 
babbles will rise (rorn the point left unaltered in quantity sufficient to 
cover entirely Uie wire used for the other communication, if they could 
be applied to it, yet not a single bubble will appear on that wire." 

(12S) The following beautiful experiments, made by Faraday (See 
Exp. Research, series v. 402 et st'q.)i prove that, so for from eluctro- 
ohrmical decomposition depending upon the nmultaneouh action of ttco 
wnttallic poUt^ air itself may act as a pole, decomposition proceeding 
tlicrewith as regularly and truly as with metal. 

(12^) A piece of turmeric paper, not more than 0*4 of on inch in 
length, and 0'3 of an inch in width, was moistened with sulpliate of 
and placed upon the edge of a glass plate opposite to and about 
inches £h)m a point connected with a discharging train arranged by 
Ling metallically a sufficiently thick wire with the metallic gas- 

tcfi of the house, with tliose of the public gas-works of London, and 
with ibo metallic water-pipes of Loudon. A piece of tin-foil resting 
upon Uie same glass-plato was connected with tho machine and also 
witli the turmeric paper by the decomposing wire a, (Fig. G2.) The 
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macblne was then worked, the positive Electricity paijsing into the 
tameric |>aptir at the point p, and out at tlie extremity n. After forty 
or fifty turns of the machine (a plate fifty inches in diameter), tlie 
extremity n was examined, and the two points or angles found deeply 
ooloored by the preeencc of free alkali, 

(130) A enmilar piece of litmns paper dipped in a solution of sulphate 
of kmIa (Fig. 63) waa now supported upon the end of tlie discharging 
tram tf, and its extremity brnuglit opposite to a point p, connected with 
tliK eoodnctor of tho machine. After working tho machine for a short 
tbae. acid was developed at both corners towards the point, i,e. at both 
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comcis receiTing the Electricity from the air. Then a long piece of 
ttmneric paper, large at one end and pointed at the other, was moistened 
in the saline solution and inimediatelv connected with the conductor of 
the machine, so that its pointed extremity was opposite a point npoa 
the discharging train. When the machine was worked, alkali wu 
evolved at that point; and even when the discharging train was removed, 
and the Electricity left to be difinsed and carried off altogether by the 
lur, still alkali was evolved where the Electricity left the tnrmerio 
paper. 

(131) Arrangements were then made in which no metallic commniu- 
cation with the decomposing matter was allowed, bat hoik potrn Ibrmed 
of ur only. Pieces of turmeric and litmus paper, a and 6, (l^g. 6A) 
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moistened with solution of sulphate of soda, were supported on wax 
between the points, connected with the conductor of the machine and 
the discharging train, as shown in the figure; the interval between the 
reffpective points was about half-an-inch. On working the machine^ 
evidence of decomposition soon appeared, the points h and a being red- 
dened from the evolution of acid and alkali. 

J^aatly, four compound conductors of litmus and turmeric paper wen 
arranged as shown in Fig. fioy being supported on glass rods ; and on 

Fig. 65. 




working the machine carefully, so as to avoid sparks and bnuhci^ 
evidence of decompontion was obtained in each. 
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(132) Kotf\-itli»landing, tlieii, tlie absence of metallic poles, we have 
of electro- clieiuical deconi position precisely ftirailar to tho»e 

imdtrr the influoncc of the voltaic battery ; and vre appear to 
kave direct proof also that the power which causca the separation of tlie 
eUiDcnts ia exerted not at the poles, but at the parts of tlio body which 
iai sufienng decomposition. 

(133) The anangement shown in Fig. G6 was employed by Faraday 
for effecting electio-chuinical decomiH>sltion by common Electricity. 
On a glass plate^ raised above a 
piece of white ytaper, two small 
«2i[ii of tin-foiL o, b, were placed : 
one was oonuected by the iimuUted 
wire tf with on electrical machine, 
and the other by the wire ^ with 
a vliacbsrging train, or with the 
nrgatire conductor. Two pieces of fine platinum wire, bentos in Fig. 67* 
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yrvre provided, and so anmnged that the part 
«/, /» was nearly upright wliilo the whole 
rested on the tlmre l>earing points, />, e, /. 
Tho points p, n, tbua beoonie the dcoompo&iog 
imlcA. They wcro placed on a piece of filtcr- 
ii^ paper wetted witit the solution to be expe- 
rimented u]}on. Wlien litmus paper^ moistened 

in BoIutiuD of common s^alt or tmlphato uf soda, was employed, it wm 
quickly reddened at /> ; a similar piece, moistened in muriatic acid, waa 
f^ery dOtm bleached at tlie same point, but no effects of a similar kind 
'took place at n, A piece of turmeric paper, moistened in solution of 
Bolpljat^ uf soda, was reddened at n by two or three turns of Ui« 
.jaocSuDe ; and in twenty or thirty turns, plenty of aU-aii was there 
rVTolTcd. On turning the paper round, so tliat the spot came nnder />, 
and tbcQ working the machine, tho alkali soon disappeared, the place 
yellow, and a brown alkaline spot appeared in tho new part 
n. When pieces of litmus pa{»cr and turmeric paper, both wetted 
fhtk solution of sulphate of soda, were combined, and put upon the 
fiO that p was on the litmus, and n on the turmeric, a very few 
of tba machine sufficed to ebow the evolution of acid at the former 
alkali at tho Utter, exactly in the manner effected by a volta- 
-ilectric corrcnt. (See Exp. Reseorohea, third serieS} 300 et eoq.) 

(13i) In these experiments tho direct passage of epnrks must be 
lUy avoided. If sparks be passed over moi^tonwl litmus pai^r, it 
rodd<nt»l ; and if over paper moistened with solution of iodide of 
potJMKiom, iodine is evolved. But these effects must carefully be dis« 
Ibgoiaticd from those due to electro-cLemical powers, or tnio •lectrolytic 






to bafieve 

to «h» aloMi^. bat (o «hB 

« c iyaiimam lM t» aoi tfcg <Mg 
tW Elu tUkUy b« |n w Ba CdbmUk 
of fp» m crolTcd; bvt if 
■i gM b e irol>Bd ; aid if mi faka be 
A MBHOW poctioa oC ipaa set tesL Oa ■■WlilBthut «Dt«*iop <rf —Ipbailt 
ti •odft Cor VBtec, souvely • ■fwbtf qaaotifty of gat eonld be paocimd; 
VTflB witb powcrfal viMriDiy and alaail bomb witb tbe bov ennBfts 
yaft the ifciaattty of Ekctiicity m a ||;i^«B tiiBe «aa tTwmr » all 
mtm*" ^ I b^ero at prewBl ibat cot nni oo Eitu u k ky 
wator b a maaner aualogOM to tkat of tba voltaic pOe. Btot 
I eowider Cbe Ir^u 0fiet oefy vaa oMaiigwl , Ibe q a aatitjF of pm giiaa^ 
off waa ao mall, ibai I eooU not ■aMrtiiii vbetber it was, aa it ~ 
to ba» oxjgea at one win aod hydngeM at ibe otbof:. On 
aolatioo of att]|ibaU of aoda tat pan water, the— fuomto 
•tia obawvd ; boi tbe qoaalitiai wen so anafl, tint oa 
■Mfana tea balf^aB*bonr, I ooaU not obtain at either pole a 
gat htfgm tbaa a amall grain of aaxtd ; and If tlw rhcmknl power be ia 
dbaot p ie pmtiu a to tbe abeoloto qnaatiljr of Eleotrieity wbidi paam^ 
lUi oogbt to bo Um eaae.' Ia paagiapb 359 be mje^ '^ It ii dottbtfhd 
aay eonmoa electrical raaebinQ baa yet been able to Mtppl/ 
IXIaotcWtjr aaAciimt m a rcaeonabfe tkae to eaaae tma dfletMHobanU 
■ompoiitioo of water." 
{\3H) Mr. Ooodman, of Salfori, nisar Mancbotor wbn ba« pnUidMd 
a very iogeniona eMa^ on tbe " Modifioationa of tbo Eloctne K**^^ ' 
baa ancoeeded in deeompoauig water &y eitrrmi mUmt^ and w, 
fu^rMpoletz bo tnfffnia me that the experiizient is anoflt readily par- 
tonnod, by expoMog ^ of an toob of the rods uf two fine plattna wtfe% 
ImmOTiad ia dlatiDed water. The extremttiee lUue expoeed, are aA«r a 
few tome of Uie madtlne, (wlncb n ' i pr>vrQrfnl um) covered over 
with ^ bobbUa, peodncing a /. i i.^timnoe, and at ail timoi in 

double luaatity on the ntffoiim or AyOro^m pole. The gM may apeod* 
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ilv, OAil aomHitncs from the onlaet rIro, bo socn to Moend, wpwially 
with a eniaU convex IcnR. 

(1,^7) Nfr. Goo(Jman's K«8ay ta very interesting, and well deservin^r 
fif attimtive pcnwal ; it is j)iiblislicd in tliP sixth volume of Sturgeon's 
AnnaU of Electricity. Tlio author describes a method of polarixing 
frictioiial Electricity by arranging a series nf circnlar glaas plaiee on an 
insnUting axia, and applying to each two metallic n»oveabIc coatings. 
The Hrst coating is placed by means of a wiro, in connection with th*» 
poaitivR cnndactor of an electrical machine, itd outer surface and coating 
heint* in comrannication with the inner piirfae^ of the next plate, and so 
on tlironghont the aeries : the last surface being connected with the 
negative ooodnctor of tlie machine. The pliysiological elfcct of this 
arr^Dgement is described aa being entirely novels the sensations producetl 
by the electromagnetic machine l:K?ing exactly imitated ; hut M r. Good 
maa did not succeed in effecting the polar decomposition of water by it, 
le gas generated l»cing a mixture of oxygen and hydrogen at each pole : 
it when the Klectricity woa collected by means of points, in connection 
Willi cadi individual surface, the occurrence of sliocks in the cnrrcnt was 
prevmted^ and the gaawaa obtained in a manner perfectly identical with 
galvmnie deeompotfition, though in quantity so minute, that after nearly 
two hoors turning, only a small bubble of about one eighth of aa inch 
in fength, was obtained. 

(188) In ofdcr to obtain as complete a proof as possible of the iden- 
of (be galvanic and ordinary KIcciricitios, AFr. Goodman endeavoured 
to iinit« thoni, that they should net in concert in the docompoBition 
watOT : with this view he arranged two winc-glaases of di^illed 
r, and inMrt«d in each two guarded poles,* one of which was from 
nmroBDC dee taeees of ten or twelve jars, and the other (the o])- 
itfl pole) from the electrical machine: thus tlicrc was a positive pole 
tlve machine, anJ a negative polo from the battery in one gljv^a, 
a negative pole from the machine, and a positive pole from the bat- 
in the other glaas. The cxperimrnt sucecedctl, and j;a.s was gene- 
lUsd by each of the four poles. It was afterwards found that a similar 
irilcct might take place with the frictional fiuid alone. 

(139) Ip order to obviate that objection to "guarded points." bcfure 
laded to (1 27), viz., that they have no "mutual decomposing depen- 

• The girded poIcB were thus conilrucletl :— a piece of llie finest pUtinum wire 
hMDnicrcd «t it« rxtremity. until it formed a flat pUtc, whose area wu attoat 
or IwcItc timei ihc dinnictcr of Ibe wire : then, with n |iair of »cis»or« it was ciit 
ftne R point and (ilamcnt aa poft-iiblt?, plarcd in n amuU gla^ft tube, the ex- 
lUj of wMcb wa* incUeJ uutil U adhered tootid covered the filiimrnt, and aftrr- 
U hf f|timlliig a |K)inC, WKsexpo5ed sufTic-ieiill; for a small fpnrk from the marhtnn 

It to pftu, — wliirli point ruuld not lir dihcovered. ritbcr wilb tbe naltcd eye or a 
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douco,** Mr. Ciof/Jman dctennined to ftltomj>l dcvriTnp<>mtiofl by i»»-^ 
ffuarti^ QHGQ* Having at band two liamnitTod plattua wire*, wittuint] 
any glass or other coating upon them, the point of one was aloivlyi 
passed beneath tl»e surface of the water, and wltou about one-eij»hth of 
an inch iiuiuersed, it became speedily covered nN-ith minute buhblos : Uu 
decompoflition proceeding as usual at the g^uarded polo during the wkolo | 
period. The guarded polo was then removed, and the eccond uognviiel I 
one substituted, and on turning the niachino for a very short pcrkid^i 
both poles were entirely covered with gas, the tie^aliw in about lircH/Uij 
f|uantity : thus, decomposition of water waa cffectod perfectly idcntMal 
with galvanism, from the prime conductor of the machine, alone, and 
subject to no ohjcctioits on the ground of tho metal polod being corsivd 
with non-conducting matter. 

(140) Two guarded poloa wore next immcncd in separaio glnasra nti 
wattT, ony being connected with the outer, and tho other with the inotf , 
ooating of a cliargcd and insulated Leyden phial : the object beti 
see whether oxygen and liydrogen would be eliminated in eaek 
independently of the other. Upon attomptinjr to pass 9hn« l -rer, 
no trace of gas could be observed ; but wlien a com muni c^ - es- 
tablished between the glasses, by means of a bent copper wir«, deoom* 
position instantly proceeded, visibly at tho guarded polos: a piece af| 
copper-wire was tl^^n in9<»rt©d in a glaaa of distilled water, in which ft 
guarded polo was placed, and after about twenty nuniites tunung^ it 
became covered with bubbles of gas. Three glasses were then amnged; 
in the two outer, guarded poles were placed, connected respectively wtih 
the positive and negative conductors of the electricat nmchinc, and wA 
was then connected wit}i the middle glaas by a bent platina wtro^ Uifl 
pnds of which dipped about an eighth of an inch below the sitrlMe frf 
the water. In five minutes, bubbU>s of gas made their appeamiCBCa 
the inserted termination of ffich wire, and in twenty minutes, veiy 
siderable bubbles were found, as dutinct ojt iu any galvanic 
sition, and commenced ascending from the surfiKw of the wireCL 

(141) The currents were next introduced into the glaascv, withont 
any guarded jiole whatever, copper-wires bttng nibiititntod : iu ftM 
mittuiM <tnd a half gas was evident upon every tennbaliou : and lactiy, 
two thick unguarded wires were inserted in • ttnyU wine-glaaa, mm 
wire protM'cding from the positive, and the other from the nt-gativo cuii- 
duotor, — in ihr*^^ fniniitra bubbled appeared : in jirfl rnit4u-Ut», aQ pArtfl 
of tho wires below tho water assumed a froetcd appearanoe, about dotiUtf 
the quantity of biiT' ' nring on l1; ' T an 
hour, the covering, uf the n< , ;iie 
distance of two yard&, cxtubiting aa fair an clcctro-chcniioU rtfcvi as m 
ever obiicrved in voltaic Electricity. 
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(142) Mr. Ooodman having kindly farnished me with a pair of the 
goarded points, employed in his own experiments, I have much pleasnre 
in stating that I have tried them with most satisfactory results. Five 
taias of a two feet plate-machine, in good action, were sufficient to 
prodooe a bubble of gas on the negative point, — twenty turns gave 
bubbles on both : that on the negative wire being, as nearly as the eye 
could judge, double the size of that on the positive, and 100 turns sent 
the gas firom the negative point in a shower of minute bubbles, while 
the bubble on the positive point bccamc-as big as the head of a large pin. 
There is no doubt, that in this experiment, the decomposition was true 
eUehvpoiar^ although there is no direct proof that such is really the case. 
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ATMOSPHERIC ELECTRICITT. 

Franklin's vicm^ rmpo^tiag the identity of Eitcttitity »nd llgUtnbig — DaUbard 

fint nbtaina i>{Arks from an atmonphcrlc appnmtuii — Pmuklin's ci-Ii'bmtcd kite 
cJtiK'riment — Orantl result obtained by M. <Ic Roman — I'otal acoldpnl to Pro-- 
ft-BSor Kiclimaiiu — Mauagtrniciit of ekctrlral kltfii — Mr. CroMi''* ntuioifjilinrlir 
appiiruUu — Construction of a thiindcr-doud — Splendid rxprrliUfuLs — Rr-j 
luiurkahle cJcctricAl foft — Mr. Werkeft'ii atmonptirric arrangcmcnta and 
iiicntA — SitDplcatinoapheric exploring apparatus — Different tnetbodaor'*-*-^'' "r- 
minute quantises of Electricity in the atmosphere — Sources ot u' 
Electricity — ThaiiHcr and li((h1ning — Velocity of Electricity — Uh'ui*(' 
experiments — NoIm of tbundcr explained —Bock slrukc of lightnlug — l*o«itiuitBj 
of Hafety dnrin^ a storm — TJghtnlng conductnnt and lite U^jrUlnlng co«iduMiir 
r|UMtion fully runtitlered — Ca«o of tbe ship ** Activou" «tnick by ligbtuing— ^ 
\Vaters]MutB and volcanic eruptions by »ea — Aurom BoKalls. 

(1*3) It was in the year 1749, that the celobratrd Aimtrif 
pliilosopber, Franklin, m h lettor to Mr. CuUiiison, atAtcd fully bu 
reasons for considering the causo of Electricity uiid lightntng to b« 
tho MOio physical agent, differing in nothing tsiva the iut^riuity oC. 
its aotion. "When," says ho, "a gwn-barrcl, in electrical exjn 
moDte, has but little eloctrical Brc in it, you mast approach it vcfj 
m-ar with your knucklo before you can draw a ^park : give it tnor« 6i 
and it will give a spark at a greater distance. Two gun-barr<«ls aiiii 
and aa highly clcctrifiod will give a (park at a still gi> ' 

if two gua-barrela electrified, will strikeat two inches- 
load boap, to what a great distanoo may ten thuu.'uinit acrcni uf clfctritii 
cloud strike, and give ita fire, and how loud mnat be that crock 7'* 
states tho analogica which alford presnuiptiro evidence of thn : 
lightning and Electricity. Tho electrical spiirk is w;: 
stnught ; Sfj is lightning. Pointed bodied attract Elcctni-.:. , . 
Btrikos tnountaina, troo», spires, masts, and chimneys. Wlini 
paths arc offered to thee»i^apc of Elrctnoity, tt rliooscn ihr- liesl 
tor : so does lightning. Electricity 6r«s cimibustibhts : so duM Hghl 
Elootrioity fuses metals ; to does lightning. Lightning rvniU bad 
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Imls ihe NUiio rifoct, A stroke of lightning, wlien it doffl not kill, often 
rproduces bUmlncsa : Franklin rendered a pij^eon blind by a stroke nf 
^loctririty uitvndt'd to kill iL Liglitning destroys animal life; tlie 
Atnrrio:ui |>liil(isr»plier killed a turkey and a lien by Electrical shocks. 
I (144). It was iu the June of 1 702, that Franklin made his memorobtc 
Bpcp«riinent of minitig a kite into a thunder-cloud, and of drawing from 
pi sparks with which Lcyden jars were charged, and the usual fclectrical 
rexporim«ntd performed. A month earlier, it appears tliat a French Klee- 
tridan, M. Dalibard, following the minute and circumstantial directions 
LgircQ by Franklin in his letterb to Mr. Collinson, obtained sjiarka from 
fan apparatus prepared at Marly-la-Villc : and an attempt Im? btely 
MWn made by M. Arago to clatni for this philosopher, and NoUct, the 
BOBonr of baring ebtablwhed the identity of lightning and Electricity : 
Bi ia clear, however, that the just right belongs to Frauklin ; for 
Iftltbough thifl eminent Electrician was a month later in his capital ex- 
"^Titnent than Dalibard, it was nevertheless at hia siiggestion, and on 
hhd principlcis that the arrangements of the Frenchman were made : and 
(indeed, if the honour of the discovery ia to be given to the individual 
^wbo ftfvt ubtnined sparks from an atmospheric apparatus, it l>elongs 
Deithcr to Dalibard, nor to Franklin, but to an old retirr<1 soldier and 
|C ^ nunietl Coiftier, who wa^ employed by Dalibard t<» assist him 

ill i-rimente, and who actually first drewaspark from the appara- 

tus wbcn the cure was absent. 

(145). The analogy between the olectric spark and lightning was 

noticed at an early period in electrical science. In 170S, Dr. Wall 

mmlioni-d a resemblance of Electricity to thunder and lightning. In 

iJ733, Mr. Ojvy conjectured their identity, and that tliey differoii in 

b^i/rM only ; and in 1748, the Abbe NoUet re-produced the conjecture of 

K3rey, attended with more substantial reasons. Xuw, if, as was some- 

nwbat wltinisically asserted by Arago, " the whole affair of the exj>eri- 

inciit was useless, the flame on the javelins of the Uonian sentinels, of 

the fifth legion, and the <.*astor and Pollux so often seen by sailors 

oo tbdr mast tops, being auflicient 38 experiments." then the credit 

of the diaoovcry is due to Ste]>hen Grey, who first conjectured the 

[MnntTtr between Electricity and lii^htning, (see the excellent historical 

Ikffteb of Klcctrieity in the first vnlume of Dr. Ijirdnor'a Manual of 

■kictricny, and No. 130, Cabinet C'yclopeedia.) 

(14C). The following ia the account tran^nitted to us of Franklin's 
Wd exjttrimont;-*"Uo prepared his kite by making a small eross i>f 
two light Htrips of cedar, the arms of sufficient length to extend to the 

ifr rs of A largo silk handkerchief stretched upon them; to the 

Ic ^ of the antitf uf the cross be tied the comers of the haniikcr- 

HifecL i his being properly supplicil with a tail, loiip, and string, could 
%c raiwnl in the jui like a common paper kite ; and K'ing made iif fcilL, 
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WM more eapsble of beuing ain asd wliiiL Tu the uprif^bi Mm oTlH 
crom «nu MtUehed an troo pomt, the lower end of wLicb waa ki txmtaaF 
Willi Uu» itftng bf which the kite was laiaed, whidi was a heiapcn cofdk 
At the lowt;r extromity of this oord, near tlie vhmmx^ a key waa fiute- 
ed : and in order to inteioept the Electridty m Ha dwnirnt, and pnraii it 
from reaching the peraon who held tho kite,attlk ribboD waa tM to IIm^ 
ring of the key, and continued to the hand by wbicfa the kit* was bdd.'* 

(147) " Furnished with this apparatus, nn the approach of a sianii, 
be westont upon the commons near Pbtlade]pkia,accompfttued byluB SDa^ 
to whom alone he communicated his intentions, well knowing IImi 
ridicule which would liavo attended the report of snob aa attciB|i 
Bhnuld it prove to be nnsaeoesafiil. Having raised the kite, bs placed 
Ikimself under a shed, that the ribbon by which it was held mir^ ' *" 

kept dry, as it would become a conductor of Electricity when wcf. 
rain, and so fail to afford tliat protection for which it was provided. A 
cloud, apparently charged with thunder, soon passed directly uvet Um 
kite. He observed the hempen cord ; bnt no bristling of its fibrea was 
apparent, sucli as was wont to take place when it was deetnfied. Hfl 
presented his knuckle to the key, bat not the smallest spark waa por- 
cepttble. The agony of his expectation and suspense can bo adt^uatWy 
felt by those only who have entered into the spirit of such ex ' il 

roscarchcs. After the lapse of some time he saw that tiie ti . ■•* 

cord near the key bristled, and stood on end. Tie preasntcd his knackle 
to the key and received a strong bright Spark. It tea* A" ' ■ . 
discovery was complete, and Friinkliu felt that ho was li- 

"A shower now fell, and wetting tho cord of the kitw, it 
conducting power. Sparks in rapid succession were drawa >. > 
key ; a Leyden jar was charged l>y it, and a shock given; ami t 
all the experiments which were wont to be made by Kloctricity wero 
produced, identical in all their concomitant ciroumstauccs.** 

Franklin afterwards raised an insulated roctaUio rod from one a 
his hou!«c, and att^hed to it a chime of bells, which, by ringing, 
notice uf tho electrical state of the apparatus. 

(148) These interesting experiments were eagerly repeated xn 
srery civili/ed country, with variable success. In France a gnad 
suit was obtained by M. de Romas : be constructed a kite wveu fori 
high, which he raised to the height of lt50 feet by a string, baTing m 
fine wire iutorwovcu througli its whole length. On the 2fith of Augusl| 
17 AO, floslica of fire, ten feet Inng, and an inch in diami^tcir, wcte ifivm 
tiff from tlie conductor, hi the year 1753, a fatal cata 

. enutioiiH experiments upon atrausplicric Electricity, 'i . i^ 

lleHsnr Kichmonn, of St. Potenburg ; bo had erected an i in l^t 

fn ^ KTtwccn it and ''^^*^B 

wL , It's expsimentt "iitiH 
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tbin^ to hts ongravor, Tokolow, the natnro of the appamtos^ a 
}lAp was ticotd, loU(,)er and more violent than any whicli liad 
boen fememberod tt St. Pfttrsburg. Kichmann stooped towards tUo 
dcctromgtor to observe tho force of tlie Electricity, and " ns he stood in 
thai po«ture, a great white nud hImnHh fire appeared between the rod of 
tbe electrometer and his head. At the satue time a Hort of steam or 
vapour aroce, which entirely benumbed the engraver, and made* him 
ank on tbe ground." Several parts of tlie ajtparatus were broken in 
pieces and scattere<i about : the doors of the room were torn from their 
liingcs, and the lioufic shaken in every part. The wife of llio Professor, 
alanned by the shocks ran to the rvom, and found hex husband sittiuj^ on 
a chest, whkb happened to be behind him vrben he was stnick, and 
leaning againat the wall. He appeared to liave been instantly struck 
dead ; a red «pot waa found on his forehead, his shoe was burst open, 
and a ^Mut of his n^aistcoat singed ; Tukoluw woe at tbe same time struck 
This dreadfal accident was occasioned by tlie neglect on the 

Riohmann, to provide an arrangement by which the apparatus, 
wbeo too strongly electrified, might discharge itself into the cartli, a 
prDcautiuo that cannot bo too strongly urged upon all who attempt 
eicpecimouttt in atniospberio Electricity. 
»(14£^) The experiments with tho electrical kite are very interesting, 
great caution is required in conducting tliem. When tliunder- 
douds are about, the string sliould never be allowed to pass throngh 
tbe hand while raising the kite, even (hough it have a good connection 
with tho ground : iutleed, 
even ondor a cloudless 
aky^during a ainart north- 
MBi breecES I have fre- 
qncfiUy ciiM!ricnc<>d very 
ipleasant shocks whilst 
g oat the string. By 
CDiploying, however, the 
little apparatus shown in 
Fig. 6&, complete security 
I, and I strongly 

did it to tlie no- 
tipu of kite ezporimontors. 
A ta a squaio copper 
hiix supported on a stout 
glass pillar (uot lees than 
two inches thick), and 
Anuly ecmcmlcd into a 
h. ' which is 86- 

ca... - - lUti ground by 
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strung irua peg^ diho tiichcs loDg, passing tlirou^h tbc lintos and 
driviii into tliu ground. Tlic bosi contains a reel ruum) wliioli ttko 
vired string is wound : it ia turned by a g\i\sa tmndlo fixed ou 
ttie multiplyiog wliuel. d ia ix Kiiiall catoh movod by a key far- 
niuliud witli a glass handle, by wbich tlte reel may hv stopfwd 
wlieu required without touching tbo Btring. c is a Lane's cleetruuivtu 
provided witli a screw adju&tnicnt, by wbieb the distanca between tb» 
braijs balls may be regulated with tho greatest nicety ; it is ounnocted 
with tUo ground by a cliain or wire. 1*he method of Ubing ibia aupan* 
tus will innnediutely be understood. When the kite, (which may br 
ainiply a oilk-haudkerchicf^ stretehed on a cro^a of light wood) ia rtutk-d 
a stifficiunt bciglit from the ground fur the wind to act ujioii it, tlw vtring 
need no lunger bo lield in the hand, the kite diaw» it from the ruul, and 
the experimenter, by mcaus of the catch and key, haa it under Iris cow 
plcto ountroul. When a sufficient quantity of atnng has been token uat, 
A silk cord, twu or throe yards long, is thrown over the atring, and, hy 
' inoani» of a running noose, tightened upon it, and the otiicr end msdo 
fast to a poet ; by this means the strain is taken off the box. (>n ufiV\- 
nnry occasions^ that is, when no unusual exhibitions of Electricity an 
anticipated, £ generally set the balls of the didcliarger about ono-tiflh of 
an inch apart, and, Inatcad of couiiectitig the sliding wire with the uartb, 
put it tn communication with the interiur coating of a Leyden phial. In 
a few minuted, sparks pass between the balls, and oo 8ne dry days, when 
the wind is in the uorth, or north-east, with ubout half n mile of wirod 
string iHit, 1 bare frequently had dinihargea at the rate of one* a mlnatc 
from the jar, through a striking distance of one-fourth of an Inob for 
houw together. In order to test the species of Electricity ooTlnrtetl, I 
cause the jar to discharge through a heluc of copper-wire, euclosiog s 
noodle: after Hvc or six explosions have passed, the necdlo boeomM 
ningnetizcd, the direction of tlie poles indicating the manner in which 
the jar wcu charged. If the helix be a rti/At hainiisi out?, lliat is, une in 
whicli the convolutions take the same direction as that in wbieh tlit* 
hands of a watch move, then, if tlio jar be charged fo^iiit^y^ tUal 
extremity of tlte mt'dle lying in the coil, which is Deamit tbe n^niltw 
or outside coating of the jar, will become a north polo. If the heBx 
bu lelV-hauded, the results are exactly the reverse. 

(I.'^O) It ia most iutcrudting and instruct! vo to watch thu effect of 
clouds passing near the kite, their presence being in varubly indicated by 
the iucreaerd rapidity of the discUurgc:) bulwevu the hallti : the diaiuiua 
ut whioh the Electricity ti oummunicutcd is indeed astonishing. 1 ham 
freijuetitly obsiTved a very marked allerution in the ill- ' ; ' lIm 
Appioach of a single uud siuatl eloud buforu it euuld h.^ . i<iu 

half a milo of the kite, and 1 havo oUou atitoiusbcd liy-auiudt±r» whu 
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\iAtc Loen amus:iig tlieinstflvcs by *lrnwiug stiiall sparks fToni ibo btring 
wlUi tbcir knuckles, by watcbiug the opportunity preacnteJ by i\\c ftp- 
proocb of one of tbesc clouds, and thou desiring ihejii to repeat their ex- 
pMTinient, nnd the result boa generally been a ahock which haB taught 
tbotn to tn^t Uifj apparatus with far greater ruspvct thau before. 

(151 ) One of thti first things that the kite experimenter will probably 
c^ k the peculiar pungency of tho spark : we are accu&tomod to 

ve eparkfi an inch long from the prime conductor of an electrical 
iiMcitiDe, for amosemcnt ; it would not, however, be safe to approach a 
kita-Atring from whicli aparka of such a length might be drawn. The 
iliiook from «parks half an inch long arc generally very severe, and re- 
aenbUog more tbe shock from a liighly charged Leydcn phiul, than that 
from tho prime conductor : tho length of tbe spark is not^ however, 
Altogether tbe criterion of tho intensity of tho Electricity, which depends 
upon ibo quantity of string extended, and more still upon tbe atate uf 
the atmosphere. 

(152) Rlr. Sturgeon's kite experiments appear to have been very 
ext^Qsive. " I hare made," says he, '* upwards of five hundred eleo- 

kite experiment^ under almost every eianiniBtJUice of weather, 

various times of the day and night, and in every season of tbe year ; 

T have vrftfrinuiiitcd on Sh(»ot^r*s Hill, and on tlic low landu on the 

SWiLlwich and Welling sidee of it, and tho experimeuts in tbu three 

different places within an hour of each other ; I have done tho same on 

tlfeft Chatham limiB, and in the valley on the Chatham aide of them ; on 

Norwood Iliil, and in the plain at Addiscombo; also on the top of tho 

moomnent in London, and on the top of some of the high bills in 

estmordatid and in the North Riding of Yorkshire ; and in every 

I liave found the atmosphere poa'Uice with reg:ird to the ground. 

T have Hoated tliree kites at the same time at very different altitudes, 

aad liAVH unifunidy found tho highest to be poMee to the otiicr two ; 

and Ukfi centre kite yxwi/iw to tiiat which was below it : consequently 

the hjwost was negative to the two above it, but still positive to tho 

ground on which I was <staudiDg. I have made more than twenty 

experiments of this kind, and the resultu (vrith the exception of elcctrio 

ion) were invariably the same, showing most decidedly that tho 

lOBpherc in its undisturbed electric state is more abunthuitly charged 

than tho earth, and, as for as I have been able to explore it, still more 

al. ' . :'v in tlio upper than in the lower strata." 

Ill tliQ evening of tho 1 ith of June, lS3i, Mr. Sturgeon sent 
up a kite during a llmnder storm at Woolwich, and tho following is 
the dcaoription he gives of the phenomena obaervod : — " Tlie wiw! 
Itad abat4Hl to such a degroc boforu I arrived in tho barrack field, and 

Lll so heavily during tin time I was there, that it was with 
«.. -...«^alty that 1 got the kite afloat, and when up, its gieaUat 
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altitude, as I imagino, did not exceed fifty yards, Tlir bilkra cord al«o 
which liad been intendctl for the inetilatnr doon b'jcame hu complrteJy 
wet that It was no in^ator at all : nutwitlistanding all those impodi- 
monts boing in the way, I was much gTati6ed with the diBplay of the 
electric matter issuing from tho end of the striog to a wire, one end ef 
which waa laid on the ground, and tho other attochod to the nSk 
at about four inches distance from tho reel of tho kite-string. An 
unintemipted pUy of the fluid was sevu over the four inches of wol 
silken cord, nut in 8])arka, hut in a bnudlo of quivering purplo tam»- 
fication^ producing a noise similar to that produced by fiprtnging 
a watchman's rattle. Very large sparks, however, were frct|neDtly 
eeen between tfae lower end of the wire (which rested on the grass) and 
tho gronnd ; and several parts of tlie string towartk tlie kite where U19 
wire was broken were occasionally beautifully illuminated. The nois« 
from the string in the air was like to the hissing of an immense fluck f4 
geese, with an occasional rattling or scraping f>ort of noise. 

**Two non-comraissionod officers of the ICoyal Artillery vrere BUvd- 
ing by mc the whole of the time. Unaware of the consoqncnoet Uicy 
would very gladly have approached close to tbo string ; and it wm qoI 
until I had convinced them of the danger of touching or even coming 
near to it at a time when the lightning waa jdayinj^ about us in crvrj 
direction, that I could dissuade them from gratifying their curiosity ton 
far — probably at tho expense of their lives. We anxiooaly and 
steadfastly watched what was going on at the end of tho string, Rod 
the diiiplay was beautiful bcyuud description. The reel was oei^ 
sionally enveloped in a blaze of purplo urborized electrical fire, whoto 
numberless branches ramified over the silken cord and ttirougb the air 
to tho blades of gnus, which n\ao became luminous on their |>oiut3 and 
cdf:;cs over a surface of some yards in circumference. Wu abu aaw ft 
complete globe of fire pass over the silken card between tho wire aod 
tlio reel of tho kite-string. The eoldien thought it about the toe of A 
miiMket-ball. It waa exceedingly brilliant, and the only one (hat wo 
noticed." 

(15i) Of all the individnab in thb country who have dittingxtlalMd 
thcmaclvctt by their resoarcltea in atmusphcnc F; ' '' Mr. CrOMC^ 
of JiroomiieM, near Taunton, stands furenioet. (lL*niaii, wbo^ 

from a motlerty whicli is inseparable from truo phUusophy, baa onlf 
within the last few years permitted himself to occupy a portion of 
public attention, has devoted more than tliirty years of hi4 lif^ Ut tk 
close inve3ti;rutiou uf the science of Electricity, and Ux» '<\\M 

have been carried on, on a scale, and eomlucted with a do^*- -• -»ilK 
which have astoniiihcd every one wlio has had the good foriuno to ^itcwai 
them. With a liberality that is truly grui ' <r. CroMo has oui 

fn\v r»<'niiitti>d mi^ Ui iiinVc & minuta tna|>'. the Vtholc uf liis 



iccnt arnuigemcnU, but tias favottred me wS^^mtten details of 
of Lis obserratious, whicli, with his pcnnission, I gladly take the 
it opportunity of prcscntiDg to the public. 
\15S) Sir. Grosso collects the Electricity of the atmosphere by 
of wires supported and insalated on poles fixed on Bome of the 
of Ibe maguificent trees which ornament his grounds. As far as the 
o nmoh, these poles may be seen, though at present, in consequence 
of flone eartCQ&Te damages which happened during a late violent storm, 
then are not more than 1000 feet of wire insulated. The wires 
mn bksalated od the poles by means of funnels, one of which ia reprc- 
ffnted in Fig. C9. It ia mado of copper, about four Fio. 60. 

and a half inches in diameter, nnil eleven inches in 
lengtlt, and into a cavity or socket of oljout two 
ioohea deep fumied at the clotted end of the funnel 
IS firmly cemented a stout glass rod of sufficient 
length to reach to the open end of the funnel, wlicro 
it i« mounted, by means of strong cement, with a 
•t^lic cap and staple. The Utter appendage ro- 
res the hook of a very strong wire, which 
through a circular plato of copper placed 
mt four inches from the mouth of the fiinncl, 
tmiunatos in a hook to which one end of the 
>g wire is fixed. The objoot of the me- 
diae is to preclude the admission of snow, rain, 
&c., and thus to preserve tlie glass rod in a dry insulating condition. 
XbcM funnels arc easily raised to the tops of tlio poles by on nrrango* 
nani of puUies, and thus the wires can at pleo&uro be drawn up 
and taken down. Outride the window of the gallery of the electrical 
room is fixed firmly in the ground a stout pole, on the top of which a 
large insulated funnel is fixed, and this forma the termination of the 
oxploring wire, tlie Klectricity being conveyed from it through the 
window by means of a stout wire to a largo brass ball, from which 
again it is conveyed by a curved wire to a brass conductor insulated 
fixed on a table, and bearing the appropriate words, *^ Noli uie 
On the some plane with the conductor is fixed another 
arrmDgcmrut having a metallic communication with a neighbouring 
powl^ and by means of a screw the brass ball with which it is termi- 
Baied may be adjusted at uuy required distance from the opposed brass 
ball o( the conductor. j\nothor most important ])iccc of apparatus is a 
|4Tcr furnished with an insulating haudlo, by means of which the cui- 
rvnt of doctricity, wlicn too strong, or when no oxpcrimeuts are in 
proffnmf ia oasily directed into the earth outside the window, and witb- 
OQt cotaring the room. 

(IM) Tho ekctrical battery employed by Mr, Crosic consists of 
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/ fifty jon, containing ecventy-three square kei of ooatod nu&eci! 
charge it rcqiiirc3 two hniHlrcd aiid thirty vigoroua turns vf the rvh 
uf a twenty-incli cylinder elo<:tncal mocViioG : nevertheless, H'Hli c^boii 
ono-tiiiril uf a mile of wire, Mr. Crusse has fre(|ucxitly coUecioi]| 
sufficient Electricity to charge and discharge this halt«ry twenty tatnei 
in a niinuto, oocompauied by reports as loud as those of a ooiinon. 
The battery is cliarged through the medium of a large brass ball, vos* 
pcnded from tlie ceiling immediately over it, ami cuuni'ctvd by ExMsana 
of a long wire, with the conductor in tho gallery : this ball i» ituacA 
from, and let down to, the battery by means of a h • i-rd, 

passing over a pully in tlie ceding: and thus thitt • i.uy 

Electrician, while sitting calmly at faia study table, views witli pbikn 
sophic satisfaction the wonderful powers of this feurfUl agent, over 
which hu possesses entire contrul, dinvting it at his will ; and, witb 
simple motion of his hand, banishing it instantaneuuHly from I 
prescnco. 

(157) The fullowing acconst of the constmcticn of a tliimdcr cloud, 
as examineil by means of the exploring wina, baa been kindly 
furnished me by Mr. Crosse : — 

*^ On tho approach of a thmidcr clond to tlie insnlatcd atmospbefia 
wire, the conductor attached to it, which is screwed into a taldi: la 
my eloctrical room, gives corresponding signs of electrical acttun. Iji 
fair dondy weather the atmospheric electricity is invariably |>oa>iivc^ 
incioasing in intensity at sun-rise and sun-sot, and diminishuig at miil> 
day and midnight, varying as tho evaporation of the motslurc in the 
air: but when the thunder cloud (which a])pear8 to bo fornied by oa 
unusually powerful evaporation, arising either from a scorching mm 
succeeding much wet, or vioo vcrsfi) draws near, tho pith balla •«> 
pciided from the conductor open wide, with cither ponitivo or ucgoUvv 
Electricity; and when the edge of the cloud is perpendicular ta Um 
exploring wire, a slow succession of discharges takes place btftwccn Um 
brass bull of the conductor and one of wpial shse, carefully conneoieil 
with the nearest spot of moist ground. I usually connect a burgti jot 
witb the conductor, which increases the force oC and in some degrea 
rvgulatcs tho number of tho explosions ; tuirl tho two balls betwooa 
which the discliargcs pass can bo easily regulated, as to thdr di«taisoQ 
from each other, by a screw. After a cvrtoia number of explui^ivn^ 
say of nogativo Electricity which at first may bo nine ^.i a 

minutoy a cossation uccum of some secondii or minutes, as 
be, when about an equal number of explosions of po(riti^ 
takes place, of similar force to the former, imlicatin^j tU* ^ 
tjjtjtotiUil^ artd ff^Hall^ Hcciri^M s6nc» of tht ^h>ur/ : t\. 
second Kone uf nr;;ativt' Electricity, occaxiuning 
in a minute than from cither of the tir^ ]Kur uf ..-.i. . . ■■...^., 
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^iiLiiMfi Appcan tA vary occor^Uug to tlie sissc aiul power of the cloud. 
Thcnttocitn »tioilier cesuitu<n, followtxl by an Oi|iially poworfnl eorica 
of dicotiar^rei of positive Electricity, indicating the puasiigu of a ticcoud 
|iAir of xoncs : iUv»t\ in like manner, are followed by others^ ft^arfully 
iiMZRWniig the rapidity of the discbarges, wlien a tff/uhr stream com- 
ncncor, rnterru)tted only by the cbangc intu the oppouite oU*otricitio6. 
TKc iutcmsity of each now pair of zones is greater than that of the 
former, aa may bo proved by removing tlio two balld to a greater 
distaiicti from each other. Wbon the centre of the clond is vortical to 
the wire, lli ' <'fffct conseqacntly takes place, during which tbo 

ttiiulutts fr; ' ir/ranu'i^ and the bui^ts of thunder withoutf and 

niiwt within, every now and then accompanied with a crash of accumu- 
lated 0uid in the wire, striving to get freo between the balls, produce 
tbtt nost awful effect, which b not a little increased by the pauses 
occasioned by the interchange of zones. Great caution must, of course, 
be obeerved during thb* interval, or the consequence* would be fatal 
My battery coutjiatu of fifty jars, containing eeventy-threo foet 
auH'ace, on vne vlU only. This battery, when fully charged, w 
perft-ctly fuae intp reil-hot balls thirty feet of iron wire, in one length, 
■ucfa wirt> being j^q of an inch in diameter. Wlicn this battery is 
oonaoct«d with three thousand feot of exploring wire, during a thunder 
fftatm, it is charged fully and instantaneously, and of course as quickly 
dtAchargcd. As I am fearful of destroying my jars, I connect the two 
0| I ' attngs of the battery with brass balls, ouc iuch in diameter, 
ai ! at Hucb liiutance from each other as to cause a discharge 

vrhen the battery receives three-fourths of its charge. M'hen the 
.,.;.rt|^ of a thunder-cloud is over heatl, a crashing stream of discharges 
pbce between the balls, the effect of which must be wiiueased to 
bu ciiuccived, 

*^ As the clouil passes onward, the opposite portions of the zones, 
which 6rst affected the wire, come into play, and the effect is weakened 
wiill each successive pair till all difs away, and not enough Electricity 
nmiainB in the ntmodpliero to affect a gold-leaf eiectronietor. 1 have 
remarked that the air is remarkably free of Electricity, at least more so 
ll \ both before and after the passage of one of tliese clouds. 

is -, a little previous to a storm, the gold leaves connected with 

lUe condactor will, for many houi^ open and shut rapidly, as if they 
were panting, evidcntlj' showing a great electrical disturbance. 

**Ii b known to Electricians, that if an insulated plate, composed of a 

t or an iin|>erfect conductor, bo eleclrilicd, the Eloclricity conmiu- 

..^^^lI will radiate from the centre to the circumfea'oce, incrta^mi) in 

Ibree ad the B(]|uarc« of the distances from the centre; whereas, in a 

■■■ takes place, as its power MmiuijfAes from the 

ft •;. First a nucleus appeunt to be foTu\c«l^%a^ 
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of poHitive Electricity, cmbraciag « \AtgQ portion of the centra of iht 
cloud, round which ia a negative rono of equal power with the fbmicr; 
thrn follow llio othc^r zones in pairs, diTnmitJiing in power to tb« edgt 
of the cluud. DirectJf/ below Utu chwl^ according to the hlTit oi 
induclive Electricity muei ejcist, on the surface of the earth, a Duclctti 
of opposite or negative Eluctricity, witli its oorrcspondinj; zone of 
positive, and vnth other zones of electrified sorfnce, oori< m 

Dumhcr to those of the cloud above, altlioagh each is oppus _ .ri- 
fied. A discharge of Uie positive nucleus above into thAt of tlit 
negative below, is commonly that which occurs whcu a flaah of 
lightning is seen ; or from the ]x:)3itivo below to the negative above, oi 
the case may be : and this discharge may take place, according to tliA 
laws of Eluctricity, through any or all of the surrounding zonea, wiiMdmi 
iHjhieiu:ing tfteir retpeetivc electricitiet otherwise than by wcakcBin^ 
their force, by the removal of a portion of the electric fluid from iht 
oeotro] rucleus above to that below : every successivo flash from th« 
cloud to the earth, or from tbo earth to the cloud, weakcniBg the 
charge of the plate of air, of which the cloud and the earth form tbo 
two opposite coatings. Much might bo said upon this head, of which 
the al>ovo is but a slight sketch.'' 

(158) Magnificent and astounding as a spectacle such as abore so 

forcibly described must he, it was, if pos^ble, exceeded in brilliaocy by 

tlio electrical phenomena observed some ycare since by Mr. Crosse, 

during a dense November fog, of which he has favoured mo with tha 

following interesting account. ** Many years since, I was sitting in ray 

electrical room, on a dark November day, during a very '^ -ng 

fog and rain which had prevailoii for many honra, 8wce|'^ ^ t.ha 

earth, impelled by a south-west wind. Tlie mercury in tho barometar 

was low, and the thermometer indicated a low tcnipt'mturc. I had at 

this time I, COO feet of wire insulated, wliiuh crossing tno small rallies, 

brought the electric iluid into my room. There were four inauUtun^ 

and each of them was strraining with wet, from the eiTects of tbo 

driving fog. From about eight o'clock in the momiug until four ia 

tho afternoon, not the least appearance of Electricity was visible at the 

atmospheric conductor, even by Uio moBt careful applicntion of Uk 

condenser and multiplier; indeed, so eil'ectually did tlio oxploriug win 

conduct away the Electricity which woa communicated to It " " . n 

it was connected by moans of a copper wire with the prinn ...f 

of my 18-incb cy Under in high action, and a gold h«f clectromHcr 

pbccd in contact with the connecting H>irc, nttt the slightost effect waa 

produced upon the gold leaves, llaviiig given up the trial of furtbtff | 

experiments upon it, 1 took a book, and i>ci^U]ned inynetf witlt rcadi]l|^| 

leaving by cluuice tlio receiving ball at upwards of an in-'** *-^*!-f^^ 

from the ball iu tlie atnioKphcric conductor. About four o'> lo 
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>n, in'tiilsl r wod still reading, I suddenly )icard a vtry strong 
ion bctwocQ the tv^o balls, and ahortly after many more took 
fthiro, until ihey bucame one iutemipted stream of cxi^lostoiui, which 
(It^d iiway and rv-cuiunienced with the opposite Electricity in equal 
violcuce. Tho &trcnm of fire was too vivid to look at for any length 
of iim<fy and the effect was most splendid, and continued without iii- 
iiMiOD, »aTe that occasioned hy the intercliange of electricities /ur 
tU *jf jit€ hourr, and then ceased totally. During tlio whole 
day, and a great part of tho Bvcceoding night, there was no material 
change in the barometer^ thermometer, hygrometer, or wind ; nor did 
the dririnfy fog and rain alter in its violence. The wind wn« not high, 
bat blow Blendily from tlic S. W. Had it not been for my oxpluring 
wirr, I should not Itavo had tho least idea of such an electrical ao 
cmnatation in tho atmospliero: tho least contact with tho conductor 
would have occatUftifd instant deaths — the stream of fluid far cx- 
CDodtng any thing I cvor witnessed, excepting during a thunderstorm. 
Had the insulatort been dn/y vhat ieoidd hate been tJie ifftfct f In 
of fog there was enough of accumulated Electricity to Imve 
.-very oiiiiual within that acre. How can this be accounted 
fiit ? How much luive we to learn before we can boast of nnderstand- 
ii^ tiiia intricate science ?** 

(1^9) Amongst those individuals in whom the splendid electrical 
Aehicn*cments of Mr. Crosse havo excited an ardent taste for atmo- 
hcrio investigations, my friend Mr. Wcckca,of i?andwich, must not bo 
iwod to |>afis unuotioed. Tliia gentleman, at considerable trouble 
and expense, has erected an exploring wire, about 3y5 yards liorizon- 
tolly over the town iu which he resides, insulating it against the balls 
6nm which arise the vane-spindlee of tho two cliurches, and conducting 
IIm lermination to ait insulntod arrangement in his laboratory. ** The 
Mvooa enacted by this apparatus," to use my friend's own expressive 
wofdi, ** ftre oocmsionally distiuguishcd by a magni6cence and interest 
hicb Dothing uhortuf ncular deruonstratioocan eerre to pourtray ; nor, 
ipe, arw tho almost hourly varying plienoniena of its minor iudi- 
iM Ices deferring attention from the inquisitive admiror of natural 
Whtm the gathering storm-cloud, pregnant with infuriated 
l^htninga, and momentarily gaining additional sublimity from rever- 
beniifig penis of deafening thunder, lingers over the line of wire, and 
dditgcs the earth with rain, or batters its beautiful foliage with unro- 
lentJug sbowors of hail,— then, tremendous torrents of electric matter, 
Miliming tho form of deneo sparks, and possessing most astoni^liing 
ItttCBsity, rus>h from tho terminus of tho iontrument with loud crac1<ing 
repofta, roscmbling in general ofiTcct the well known running fire ooca- 
by the vobcmont discharge of a multiplicity of email fire>aaiM» 
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Fluids are rapidly decom^^^>8<»d : rnciftU Rrc^ tirilliantlr iWlngnUfd; 1 
nod large exteiits of coat4?d surface repeatedly charged anil dbtohmrgnl 
in t)ic ftpacc of u fow Sfconda- AVIicii those phcnomenn occur taei- 
dental to the hourta of darkucs^ tho liglitning flnah ia <»con liormluMljr I 
to ]>ltty in various zig-zag and fantastic Rliapes amidst the severul cxmtri- i 
vonccB by means of which its power is subdued ; thus augmenting tjtcsali* 
limity of a scene, compared to the correct delineation of which, ilie efforti 
of lan;ruage arc but imbecility. Again, relinquisliing its churus to tlic 
terrific and sublime for features of a more gentle complexion, eren ike 
light and feathery aggregations of tho summer cloud axe found CftpaUs i 
of imparting to a [mir of delicate gold-leaf pendulums, a test by wtileli I 
tho philosopher assigns a character to iaacccseibta regions of ike \ 
atmosphere.*' 

( 1 60) In the sixth volume of " Sturgeon's Annals of Elcclnoity ' I 
Mr. WecVcs has given a most interostini^ deftcription of some brilliaiit ' 
electrical phenomena observed during a grand hail-storm wliich occurred i 
at Sandwich on tho 9th of 3Iay, 1841 ; but as it would bo inipoatiblf 
to do jiistico to tlie account without the plate wiiich accompanies it, and { 
w*hich is somewhat too large to be inserted here, I must satisfy myself 
with referring my readers to tiie original paper. In the same volmne, p^e i 
08, will be found another equally interesting communiraitii>n from Mr. 
Wookos, in which ho dcpcribea some electrical phenomena olHerved I 
by him during a thnndcr-storm in the autumn of 18*0, porticuUrly tlie ' 
alternation of the Electricity from positive to negative, indicating^ the 
passage of xonee, and verifying Mr. Cro8so*8 idea of the oonstructiDn i#f 
a thunder-cloud. This snme paper containfl an account of !•<?"( 

riments made by tho Author with a vicw_of insulating otv--. . .... ..^ni* i 

given by M, Schocnbein to that peculiar odorous principle whidi 
apprara to be developed when nrdinor)* Electricity '^passce from tiift | 
points of a eonductor to the Mirroundtng air, and which is also dWl 
imgaged whilst water is decomp/ising by a voltaic current. It is Um 
opinion of M. Schoenbein that thi^ odorous principle should be cloMsd 
in that genera of bodies to which chlorine and bromine appanmtljT 
beloug; that it ia alv^nys dieengngcd in the atr in sufficiently notable 
quontitioA during stormy weather; and he suggests tho fi,"---— 
method of rendering it evident, founded nu its prupcrty of f 
gold and platinum electro- negatiM.* ; viz. to place plates of - hi i 

situotiou!^ sufficitntly ulevatod^ taking care that ihty comtm ..;.. .titb 

the earth : as soon as these plates 1u:comu nogaiivdy polar, H . Sehoco- 
bcin tltinlcs that it nuiy beconclndcd that oxfine i ^ d. 

(16 J) Sir. VVfckt?* found thot if » piece ot : fnil tlir«« or] 

four inotics vquon*, fosteiird to a wire, aud held In the hand of tM 
operator, be brcmght for a few seconds into tho vieiutiy of Uu tcnnlnatl 
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IS of his a<"'n»T ftppftratus, whon a free current in tbo form of sparka is 
ig, the plate acquires a negative polarity, which may be imme- 
diately shown by tho galvanometer, and the oxporimeDt repeated with 
tt -t facility aa often aa desired, lie constructed an apparatus 

r dense sparks of Electricity were caused to pass for about 

seconds between two metallic plates cncloeed in a cylinder of 
^lass ; and ho states, that on removing the cover of the arrangement 
the atmosphere of tho cylinder had become so strongly impregnated 
•with a powerful pungent phosphoric odour, that he found it exceedingly 
inconvenient to respire over it ; nor cmild he find any individual 
willing to permit its approach towards his nostrils beyond a second or 
two. Several highly interesting facts connected witli this peculiar 
irons principle luive been collected ; and in a future lecture I shall liavo 

ion to advert to them. 
(1(12) A very simple and inexpensive, though at the same time a 
highly interesting method of examining tho electric state of the atmo- 
sphere, is by raising a long pule, twenty-five or thirty feet high, on the 
top of tho highest part of tlte house, and conveying the insulated wire 
irom the top of this pole through the window into an adjoining 
>artment. 

Some time since I erected an apparatus of this description, about 
eighty feet from the ground ; and as I have many times experienced 
reat gratification from the obserTations I liare been enabled to make 
Srith it, I have thought it worth while to give a wood-cut of the 
flknangement. 

A, Fig. 70; represents the top of a tall fir-pole, thirty-five feet in height, 
ced on the chimney of a factory ; b^ a painted copper funnel, sur- 
oiouaied with a brass four-pronged fork, from which tho copper wire 
•; proceeds, and is conducted to a second insulated funnel </, enclosing 
a thick brass wire, which, insulated by a stout glass tulx-^ passes 
through the stone-work of my laboratory ^vindow, and terminates in a 
two-inch brass ball <*. ; / is a snialler ball connected witli a bent wire passing 
into the grm-barrcl •?, and capable of being brought to any required 
ICC from the ball e; the gun-barrel passes through the stone-work 
'of the window, and is metallically connected with the earth by the iron 
rod A. Tliere is also an arrangement not shown in the figure, coDsiet- 
of a stout iron rwl capped with a brass ball fixed at about two 
distaal from the funnel d ; this rod passes into the enrth, and 
thus prcvcDts any accident which might arise from a tlabh of lightning 
ling the apparatus. The fir-polo A is terminated by a stout glasa 
dghtocn inches long, to which tho funnel serves ns a protection. I 
ly have » pAir of email pith balls suspondod from the ball ^, 



Acope will, during the continuaTicc of a storm, freqaentl^ indicate mvsnX 
changes from positive to negative. (157) 

An iustruniont for investigating tlie electric state of the atmo9[ihera] 
was constructed by M. CoUadon, of Geneva, on the following princijile, 
lie found that if the two ends of the wire of a galvanic niuUipUcr, cuo- 
sisting of very numerous coils well insulated from each other, 
hrought in contact, one with a body positively, and the other with 
body negiitivcly cliargod, a current of Electricity passes through the 
wiro until equilibrium is restored, the energy and direction of 
current is indicated b}' the deviation of the needle from the zero poiat 
of the scale. Tliis instrument is applied to the purpose ()f ascertaining 
and measuring the atmospheric Electricity by comrauotcating one end 
of (lie wire with the earth, and allowing the other to extend into 
the region of the atmosphere^ the electrical state of which is intended to 
be compared. 

(1C5) The principal source of atmoepheric Electricity is undoubtedly 
evaporation. If a little water bo placed in the cup of the gold-leaf { 
eledtroscopc. Fig 9, and a red-hot cinder dropped in, the rapid 
evaporation will occasion the leoves to diverge with ritu^atint Elec- 
tricity ; and although M. PouiUet liaa rendered it probabl« that ihtf 
evaporation of perfectly pure water is not attended with any develop- 
ment of Eloetricity, the impregnation of all the water on the eurfaoe of ^ 
the earth with various saline matters is quite sufficient to destroy any 
objection wliich might bo raised on that score ; the p<.)bitivo Electricity 
18 carried with the vapour into the air, and probably commuuicatea a 
charge tn the minute drops into wliich it is condensed. 

It is slated, in some work on Electricity, that if a small portion of 
acid be mixed with the water tn the metallic cup, thu evaporation 
oocasioned by dropping in a hot cinder will canso the leaves to diverji^j 
with poritice Electricity, the vapour being negatively electrified. I dt 
not, however, find this to bo the case ; for when a few drops 
sulphuric acid were mixed with distilled water in a smftll tin cap, 
and rapid evaporation effected, the divergence of tlie gold Ig&vob 
still nr^atiee. 

(1()C) The appearance of the heavens previous to and during a] 
tlmnder-Htorm was first diligently studied by Beccaria.* lie niitiordj 
tliat a den&e cloud was first formed, increasing rnpidly in magnitudo, 
and ascending into the higher regions of the utniusjihcrc*. The loweri 
end is black, and nearly horizontal ; hut the upper ia fittrly ordicd, 
well defined. Many of these clonds often st-cm pilc<l (»ne cpon th 
othrr, all arched in the Kanif manner; but they keep constantly 
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tiniting, 9we1Ung» and exteoding their atcbes. When such clouds Hse, 
the finnaoicnt is usually sprinkled over witli a great number of separato 
clouds uf odd and bizarre fomia, which keep quite motionless. When 
the thtinder-cloud ageendd, these arc drawn towanls it, and as they 
proach tbey become more uniform and regular in their shapes, till 
ting close to tiie thunder-cloud their limbs stretch mutually towards 
h other, finally coalesce, and form one uniform mass. ISut some- 
ea the thunder-cloud will swell and incrcaj^e without tho addition of 
smaller adncititious clouds. Some of tho latter appear like white 
Cringes at the skirta of the thunder-cloudy or under the body of it ; but 
iliey continually grow darker and darker ns they approach it. 

(167) When the thunder-cloud, thus augmented, has attained a great 
magnitude, its lower surface is often ragged, particular parts being 
detached towards the earth, but still connected with the rest. Some- 
times tlie lower surfaoo swells into large protuberances, tending uni- 
formly towards the earth ; but sometimes one whole side of the cloud 
will have an inclination to the earth, which the extremity of it will 
Dearly touch. When the observer is under the thunder-cloud after 
it ia grown large and is well formed, it is seen to sink lower and to 
darken prodigiously, and at tho same time a great number of small 
clouds are ubser\'ed in rapid motion driven about in irregular directions 
below it. While tliese clouds are agitated with the most rapid 
oioiiouiH the rain generally fulU in abundance ; aud if the agitation bo 

great, it hails. 
WUiie the thunder-cloud is swelliug and extending itself over a 
Urge tract of country, the liglitiiing is seen to dart from one part of it 
to another, and often to illuminate its wholo mass. When the cluud 
has acquired a sufficient extent, the lightning strikes between the cloud 
and tho earth in two opposite places, the path of the lightning lying 
rough the whole body of the cluud and its branches. Tho longer 
lightning continues, the rarer does tlie cloud grow, and the 
k in its appearance, till it breaks in diiTerent places, and shows 
sky. When tho thunder-cloud ia tlius dispersed, those parts 
ich occupy the upper regions of the atmosphere arc spread thinly 
equally, ami tliose that are beneath are black aud lain albO| 
t tbey vanish gradually, witliout being driven away by the wind. 

(168) The following is the account given by Dr. Thomson: — 
low dense cluud begins to form in a part of the atmosphere that 
previously clear. This cloud increases fast, but only from ita 

per part, and spreads into an arched form, appearing like a largo 
p of cotton wool. Its under surface is level, as if it rt^stcd un a 
ooth plane. The wind is hushed, aud everything appears pretcr- 
twtumUy calm oad 6ttll. 
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" Numberless small ragged clouds, like teasled flakes of oottoB, l^| 
bcgiu to make tlicir appearance, moviug about iu vorioua dlrecti<]^| 
aad perpetually cliauging tlieir irregular surface, appearing to incrfldH 
by gmduol occumuUtioa. Aa they move about, tbcy approach emck 
oUier, and appear to fltretch out their ragged arms towards each other. 
They do not uften come into contoct, but after approaching very new 
«acli other, they evidently recede, eitlier in wholes or by bonding away 
their ragged arms. 

** During this confused motion^ the whole maas of small clouda 
approaches the great one above it ; and when near it, tlic clouds of the 
lower oiass frcquuntly coalesce with each other before tbey coaJeeoe 
with tho upper cloud ; but as frequently the upper cloud coalesoea 
without them. Its lower surface, from being level and smooth, now 
becomes ragged, and its tatters stretch down towards the others and 
long arms ore extended toward the ground. The heavens now darken 
apace, and the whole mass sinks down. Wind risefl and frequently 
shifts in squalls. Small clouds movo swiftly in various directions. 
I'ightning darts from cloud to cloud. A spark is sometimes seen 
co-existent through a vast horizontal extent of a zig-zag sliape, and of 
different brilliancy in difiurent parts. Lightning strikes between tlie 
clouds and the earth, frequently in two places at once, — a heavy imia 
folia,— the cloud is dissipated, or it rises high and becomes light and 
thin. These electrical disehargra obviously dissipate the Electricity : — 
tho cloud condenses into water, and occasions the sudden and heavy 
rain which always tcnninatcs a thunder-storm. Tho previous motioDs 
of the clouds, which act like electrometers, indicate the electrical state 
of different parts of the atmosphere." 

(169) A great difference will be r>bserved in the appearanoo of Um 
flashes of lightnii^ during a thunder-storm. Tlie scone is somctimss 
rendered awfully magnificent by their brilliancy, frequency, and extent; 
darting sometimes, on broad and well-defined lines, from cloud to cloudy 
and sometimes sliooting towards the earth ; they then become zig-«ic 
and irregular, or appear as a large and rapidly-moving ball of 6r»— aa 
Appearance usually designated by the ignorant a thuntierhtjU^ and 
erroneously supposed to be attended by tho fall of a solid body. The 
report of tljo thunder is also modified according to the nattiro of the 
country, tho extent of the air through which it passes, and the paction 
of tho observer. Sometimes it sounds IJke the sudden empt^Tng of a 
iargn cart-load uf stones ; sometimes like the tiring of a volley of 
musketry : in these oases it usually follows tho liglituing immediately, 
and is near at hand : when mtin- distant it rumbles and rev. i ' ^t 

first with a toud rq>ort^ gradually dying away and roturuiu^ .< '. ils, 

or roaring like the discharge of heavy artillory. In acco\intiBg far 
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phenomena, it must be lemenibered that the pauage of Electricity 
U almost izifiotiely rapid. A dbcliargo throagb » circuit of many mile« 
hfts b«ea experuneotolly prorcd to be iuytantonuous : the motioa of 
light b BimilArly rapid;* uid hence the flash appears momcotary. 



* light im about eig^ht minutes tUirteeo eeconds in passing from the ran to 
Mxth, ao that it may be cooBidered u moving; at the rate of one hundred and 

letj-two thausaad milea in a second, performing the tour of the world in about 
Ute same time that it requirea to wink with our eye-Lids, and in much leaa than a 
awifl runner occupies in taking a single stride. (HerscheL) 

Tbe sua ia ninety-five millions of milea from the earth, and almoat a million 
ti«e« Larger: the son being UH'J.OOO milea in diameter, and the earth 8400 mUes. 
Y«t tta aaagnitude, aa viewed from the earth, scarcely exceeds that of the mooo, 
vhicfa ia not more than one-fourth the diameter of oar globe, being 2160 milea in 
diameter. Yet auch ia the velocity of light, that a flaah of it from the sun would be 
M«n in little more than eight minutes &fter its emission ; whereaa theaound evolved 
At the same time (snppoiiog a mediam like air capable of conveyiug sound between 
the ano aad the earth] would not reach us in less than fourteen years and thirty. 
•airen days ; and a cannon ball, proceeding with its greatest speed, in not le«a thaa 
twenty years. 

The velocity of Electricity la so great, that the most rapid motion that can be 
produced by art, appeara to be actual rcfet when compared with it. A wheel, re- 
Tolving with a rapidity sufficient to render its spukca inviaible. when tllnmiuated by a 
Oaah of lightning, ia seen for an Instant with all its spokes distinct, as if it were in a 
state oi absolat« repose ; becaoM^ however rapid the rotation may be, the light baa 
come and already ceased before the wheel has had time to turn through a sensible 
ifiaoe. The following beautiful experiment was made by Wheatstonc : — A circular 
ideee of pa&tcboord was divided into three sections, one of which was painted blue, 
anotber yellow, and a third red ; on caiuiog the disc to revolve rapidly it appeared 
wtdtCf because a inn-beam consists of a mixture of theae coloura, and tht; rapidity 
of lite Bifttion caused the distinction of colours to be lost to the eye : but the 
inataat the puteboard waj illnminated by the electric spark, it seemed to stand 
still, and each colour was aa distinct as if the dlac were at rest. 

By a beautiful appUcation of this principle, Wheatstonc contrived in apparatus 
by which he has demonstrated that the light of the electric discharges does not last 
the millionth part of a second of time. His plon was to view the image of a spark 
ffsAMJled from a plane mirror, which, by means of a train of wheels, was kept in 
ra^ rotation on a horisontol aiia. The number of rerolutinns performed by the 
aiirvor woa ascertained by means of the sound of a siren connected with it, and still 
Skore ancccssfully by tliat of an arm striking against a card, to be 800 iu a aecond. 
TtiK angular motion of the imago being twice as great as that of the mirror, it was 
easy to compute the interval of time occupied by the tight during its appearance in 
two mceesaive jrointa of its apparent path, when thus viewed, and it was ascertained 
Alt lh« Image paued over half a degree (an angle, which being equal to itboot an 
iMh mm at the diatance of ten feet, is easily detected by the eye) in l,l&2,000th 
part of a eecond. The result of thrse experiments, as regarded the duration of the 
•pvk, araa, that U did not occupy rren this minute portion of time : bat wiien the 
cUetfic dlacliafge ot a battery was made to pass through a copper wire of half a 
mllo lo length, Interrepted both in the middle and alao at its two extren^itlea ; so as 
to prMcnl three sparks, they each gave a spectrum considorsbty elongated, and 
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however great the distance through which it pasflei: but sound u 
inBnitoIy slower in its progress, travelling, in air, with a velocity of 
only 1130 foot in a second, or about twelve miles in a niinato. Now, 
8appo«ng the lightning to pass through a space of some milee, th# 
explosion will be first heard from the point of the air agitated nearNt 
the spectator ; it will gradually come from the more distant parts 
the course of the Electricity : and, last of all, will be heard from tho 
remote extremity, nnd the different degrees of the agitation of the Mr, 
and likewise the difference of the diatauce, vn\\ account for the difleren 
iutcusities of the sound and the apparent reverberation and chargtss. 

(!70) Thunder only takes place when the different strata of airira 
in different electrical slates : the clouds interposctl between theio 
strata are also electrical, and owe (according to Dr. Thomson) thoi 
vesicular nature to that Electricity. They are also conductors, Tba 
discharges usually take place between two strata of air : very nuvly 
between the air and the earth ; and sometimes without uoise, in which 
case tho flashes are xexy bright : but they are single, passing viidbly 
fyom one cloud to another, and con&aed, usually, to a single quarter a 
the heavens. '^Vhen tho discharge is accompanied by thunder, a 
number of simultaneous and different-coloured flashes may generally bf 
observed stretching to an extent of several miles. These Boetn to bo 
occasioned by a number of successive discharges from one cloud to 
another, the intermcjdiate clouds serving as intcnnediatc conductors, or 
stepping-stones as it were for the electric fluid. It is these discharged 
whioli occasion tlie rattling noise. Though they are all made at tlitf 
same time, yet as tlieir distances are different, they only reach tlic ear 
in succession, and thus occasion the longlhened nmibling noist^— «ta 
different from the snap which accompanies the discharge of a I^-dua 
jar. 

(171) Tlie snap attending tlio spark from the prime conductor of an 
electrical niacliinc: and the awful thunder-cro-^h arc undoubtedly similar 
phenomena, and produced by the same action. The caun ia lb*j 
vibration of tho air agitated by the passage of the electric dtfichargcsi 
with a greater or less degree of intensity : and two explanations may 
be given of the manner in which the vibration is produced. On ihtti 
one hand, it may be imagined tliat the electric fluid opcos for itself m 
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indimtiag a dar&tion of the »park of tho 2't,000tli part of a •ecomL Ttt* aiurks at' 
both extremitica of tlic circnit wore pcrfpctlj timuUaneoui. both in tli«-tr pTttnl af | 
com men lie ro en t and teirninalion : bal that which took place in ili' i tha 

circuit, though nf rriual iliiration with tha fonuer, occarrcd Uter : thv 

wllUontb part of a lecoitd, indicating a vdoeit; of tran^mlfision frnm :J< '•■■r-. 
point tu the IflUer of nvarlj ^IftSiOOO milea In a aecond,— a iclnrity whirli r\r f«dt 
tliat of Unhi ilsdl 
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through air, or other matter, in the manner of a projectile, and 

that the sound is caused by the rash of the air into the vacuum 

iBced by the InstAntaneonfl passage of the fluid : or, on the other 

1, the vibration may be referred to a decomposition and recompositton 

• In all the media in wbicli it appears. On tliis hypothesis, 

• \ roll ia the eiffct of the comparatively alow propagation of 
through the air, and it may bo thus iUuBtrated.* Suppose a 

of lightning 11,^00 feel in length, or that the spark is instan- 

tusly seen from one end to the other of tbia line. At the same 

mt that the flash is visible the vibration ia communicated to the 

iphere through the whole extent of the line. Now, suppose an 

:vcr placed in the direction of the line of the flash, and at the dis- 

uf 1,1 3U feet frum one end: then since sound travels at the rate 

t,130 feet in a second, one second will ohipso after the flash has been 

before any sound wilt be beard. When the sonnd begins, the 

ition commimicated to the nearest stratum of air Itas reached his 

and tfince the line of disturbance has been supposed to be 11 ,300 

in length, the vibrations of the more distant strata will continue 

his ear in succession, during the space of ten seconds. Hence, 

length of the flash determines the duration of the sound : and it 

>we that the same flash will give rise to a sound of greater or lesd 

ttion, according to the ]>oaition of tlio observer with respect to its 

'Hiup, in the above instance, suppose a second observer to 

under the line, and towards its middle, he would only hear 

during half the time it was heard by the first observer ; and 

fiuppoee the line to be circular, and the observer to bo placed near 

itrc, the sound would arrive from every point at the same instant 

riolcnt ciaah. 

172) Altliough the vibratory motion is communicated to all the 

of air along the whule length of the flash, they will not all 

ire the same impulsion unless they arc all at the same temperature, 

tin the same hygrometric state, which can rarely haiip(.-n. Hence, 

igh proceeding from the nearest point, the first impression of tho 

is not always the most intense. 

ic latter of these two ways of accounting for the vibration, seems 

:ord best with facts ; for, in the first place, it has been objected 

if tbe Doise was occasioned by tho electric fluid forcing for itself a 

through the air, a similar sound ought to be produced by a 

iou-ImiII : nn<l a i^lill stronger objection is that experiments seem to 

it43 that tho electric fluid is not transferred from point to point like 



* Sec Grsiid't Dictioovrj of Science, tater*tare, and Art. Article, Thujuler. 
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a projectile of ponderable matter, bat by the vibf&Uon of an t^iM 
medium, oe souud is conre;fed througli tlio atmoapbcre. 

The equilibrium uf the cIuu(L>s U eouettuies restored by a ftingW flttk 

of liglitniog : at otUor times the accumuUtion is so immense, and tU 

neighbouring strata of air so strongly charged, that the fiatfajl 

'Doutiuue fur hours before they terminate ia a stonu of rain. ^ 

(173) A person may be killed by lightnings although the ezplodaa 
iakes place twenty miles off, by what id called the back stroke. Sup- 
EfKWe that the two extremities of a cloud highly charged hang dowu bo 

the eartli, they will repel the Electricity from the eartli'd surfiux if it 
be of the same kind as their own, and will attract the other kind : 'd 
discharge should suddenly take pbioe at one end of the cloud, the 091 
librium wlU instantly be restored by a flash at that point < ' 
which is under the other. Though this back stroke ia often 
powerful to destroy life, it ia neror bo terrible in its efieota as the diirct 
■bock. 

When a building is stmck by lightning, the charge ia generally di^ 
Mermined towards the chimney, owing to its height, and to the eoa- 
r.ducting power of the carbon deposited in it; for it has been d*-^ r 
ttftrated experimentally, that the electric fluid will paas with faci! 
a considerable distance over a surface of carbon. 

(174) The dircctiona to be given as to the best positions of uaict; 
during a thunder-storm are few and aimplcN. If out of dooi%« trots 
should bo avoided ; and if from the rapidity with which the expluiMA 
follows the flash it should be evident that the electric cloude are new tl 
band, a recumbent posture on the ground ia the most Mcuieu Itk 

^Idom dangerous to take shelter under shcda, carts, or low buiUill|^ 
'or under tlic arch of a bridge : the distance of twenty or tbsrty $ttH 
from tall trees or houses is rather an eligible situation, for, should ft 
discharge take place, these elevated bodies are most likely to rtcoive it, 
and leas prominent bodies in the ueighbourhoud are more likely lo 
rflacapc. It is right also to avoid icater, for it is a good conductor ; aad 
Hbe height of a human being near tlie stream is not unlikely to deUi- 
mine tlio direction of a discharge. Within doors we are tolerably mh 
in the middle of a carpeted room, or when stauding on a dui:' ' -'1 

rug. The chimney, for rcoaons above 6tat4.-(l, sliuuld be av<<M , i>a 

the same principle, gilt mouldings, bclUwirea, Sic, are tn danger ti 
being struck. In bed wo are tolerably safo— blankats and Iboibos 
being biid conductors, and wo arp, consequently, to a eertslii c«teeft| im- 
ftulatcd. It b injudicious to lake re^lge in a ovllar, because Uie dam 
cliargc is often from the earth to a cloud, and buildinjrv rre<|ucuifl 
sustain the greatest injtuy in the basooieut tturiw. I 
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(175) Liffhtninif Contiuct&n.^-'Vo Franklin, whose active mind was 
constantly directed to practical applications of the facta disclosed by 
ice, we ore indebted for the suggestion of a method of partially de- 

iding bnildinga from the dreaded ciTects of ligbtuin);;. ilia method 
was to erect by the side of the bnilding to be protected, a continuous 
metallic rod in perfect comnmnication with the earth, and experience 
has fully demonstrated the value of tbia precaution. 

In Uic ohoioe of a conductor, preference should be givon to copper, 
and it is well to divide the extremity into three or four points : it 
fthaald penetrate tlie ground sufficiently deep to be in close contact with 
a stratum of moist soil, and be carried above the highest point of the 
boilding : great care should bo taken that every part of the rod he 
pnfedly continuous^ and that its substance be sufficient to prevent any 
«baooe of its being melted ; perfect security on this head is arrived at 
by bftTizig a rod three quarters of an inch thick. It has been proved 
that oonductors erected ^ntb thos<> precautions will protect a circular 
space of a radius double their height above the highest poiut of the 
bnilding to which they are attached. (Daniell). 

(17C) The little arrangement 
Fig. 71, amusingly illustrates the 
use of a continuous conductor. A 
boani about three quarters of an 
beh thick, and shaped like the 
gable end of a house, is fixed pcr- 
pcadicuUrly upon another board, 
npoQ which a glass pillar also is 
fixed in a hole about eight inches 
distant &om the gable-shaped 
bowd* A small hole, about a 
qttarter of an inch deep, and nearly 
an inch wide, is cut in the gable- 
ihapod board, and this is iilled 

th A equare piece of wood of nearly the same dimensions. It should 

H^nrty of tike same dimensions, because it must go so easily into the 
■^ that it may drop ofF by the least shaking of the instrument. A 
%virt! is &atcaod diagonally to this square piece of wood, and 
of the same dimensions, tenninatcd by a brass ball, is fastened 
wi the gable-sbaped board, both above and below the hole. From the 
nppcT extremity of the glass pillar a crooked wire proceeds, terminated 
tbu by a brass ball, and sufficiently long to reach immediately over the 
boU or the wire of the board. Tlie glaAi pilUr is looeely fixed in tho bot- 
tom board, 80 that it may move easily round the axis. It is evident Uiat, 
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70) The ^ratid point of discussion, wiOi respect to lightninjf 

dors, appears to lie this : Does n continuous metallic rod, 

iged with the precautions ahove adverted to, afford aecurlty to tlie 

ng to which it ia attached ; or is tlierc a danger of lateral 

parsing from the rod to vicinal eonducting bodies ? It will 

possible, nor wouM it bo desiraliFe, to enter into a consideration 

of all that has been said upon this f'uhject. I shall therefore 

vour to Beleci the chief arguments on both sides, and leave the 

to the judgment of my readers. 
SO) It is well known that that eminent electrician, Mr- William 
w Harris, of Plymouth, has invented a system of lightning con- 
rs, whieh^ after undergoing careful examination by PrufoBsors 
ay, WheatstODC, and otherR, has been introduced generally into 
British navy. In the Report of tlio Committee appointed by the 
oose of Commons to investigate the proposed plan,* the conductors 
are described as being composed of two plates of copper ri vetted to- 
gether, so as to form an elastic and continuous line of metal : the inner 
phito bfing T^^th, and the oulcr ^th of an inch in thickness: their 
breadth varying according to the class of ship, and tlie description of 
the spar. These plates are inserted in dovetailed grooves, in the after 
part of the masta, and extend from the truck to the keelson ; a copper 
plate, of the same dimensions, is led over the cap, and the continuity 
is Droaerved at all times by a tumbler on the caps, consisting of a short 

tr bar, ■with a hinge at the base, by which it leans against the 
ctor of the top mast, whether fidded or haused, a stop being 
I on the exterior by which the tumbler is prevented fiom falUng 
backward. Copper plates, of equal dimensions to those on the lower 
naata, are placed under the keels and steps of the masta, and are thence 
M along the kcel&on, in contact with the copper fastenings. In order 
to insure connexion with the copper sheathing, bolts are driven trans* 
Turscly through the keel, ao as to meet those passing down from the 
n. Copper plates are likewise led along the underside of the 
s of the lower and orlop decks to the principal copper fastenings, 
and ultimately terminate in the sheathing ; thereby combining all the 
masses of mettd in the hull and spars of a t<htp with the con- 
rs, and affording, by means of its ultimate connexion with the 
sheathing, a vast surface in contact w*ith the water for the 
on of tlio Electricity. 
81) The first objector to Mr. Harris's system of conductors waa 



S«o also Nauticftl Magudne for 1837. p. 742, which ooDtaioB a plate illustrating 
Mr, QArria'a method of fitting hia conductors. 
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3Ir. Mortyn Roberta, who^ in a paper read before the EleeinlH 
Society, June 27th, 1837, eubmits *^ thftt it is highly dAngvrous W 
conduct such an immense aocnmtiUtion of electric flaid, as that ia a 
lightning cloud, into the body of the vessel, close, generally speaking, 
to the powder-magazine, or at all events among many talMtODoes that 
would produce awful effects from its action on them, on nocoant of the 
** lateral e^losion/* which he says can easily bo proved, by exporiromi, 
to take place, even in the transmission of the feeble quantity o( 
Electricity generated by our machines ; and is therefore much to be 
dreaded, from the enonnoiis quantity of fluid which will bo conreycil 
into the hull of a ship. Mr. Roberts suggests the employment of a 
metallic lope, to be &xed to a copper point at the highest maat-heail, 
led down the after part of the maet until it arrives at Uie lower maiA- 
head, and from thence led, as a backstay, to the outside of tbo dup» ud 
there fastened to her copper sheathing. 

(182) In answer to Mr. Roberts's objections, Piofestor 'WbartrtODtf 
stated to the Committee, '^ tliat the lateral explosion is a pboM 
which has been observed and experimented on for the last half centni 
that he conceived it has no application to lightning condnctors ; ai 
that it was physically impossible that the least accident could occur 
a ship, if tbo known conditions of a good conductor wore fultilled 
and Professor Faraday declared, that *Mn his opinion Mr. Hai 
conductors met every case of division of charge that he could possil 
conceive to occur ; '* that a lateral di^harge could not be obtained fr 
them, provided the continuity were not interrupted : that there was nci 
on record, as far as he could learn, any instance of lateral explosion ; 
and that he believed a man could receive no injury if he were looaiDg 
against a conductor when the Electricity descended : any opinion to 
the contrary being only assumption. 

(183) The next attack on Mr. Harris's S)*9tem was made by Mr. 
Sturgeon, who, in a memoir addressed to the British AMooiation b» 
the Promotion of Science, insists on the danger arising from Ulcni 
explosions, and brings forward a variety of experimonta in support «f 
his position. His definitinn of three kinds of lateml di»eh&rg«« km 
been already given (1 13). The follovnng experiments are addoovl 
as mstances of the third kind. Let the Leydcn jar (Ftg^ 7S) b* 
ditobarged through a good conducting rod r e, standiog on tho snM 
tnotallSo plate as that on which the jar rests. At the «Mn« monNot 
a spark will appear at the opening o, between the meiallic ifWtimitd 
body B and the conductor c e. Tlie same will o<*cwr if the jar be 
discharged by the direct application of tlie discharging rod in the ntoal 
manner, and the effect is much incieaaed, by connecting the body B 
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wiUi t>ie grouttd. In Fig. 72, cc U tiiken to represent the conductor 
ol a ship's moat connected with tho iron knee K, by means of the copper 
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»tnp #, as proposed by Mr. Harris. Then, accurdtng to Mr. Sturgeon's 
TiewB, a discharge from the jar, through the conductor c c, would 
imitate a flash of lightning sthkiitg a similar conductor in a mast : and 
M in the eicperimeni a spark takes place at Oy between the body B and 
the iron knee K, a similar lateral discharge would take place from any 
part of the copper strap *, or from any metallic appendage or branch of 
the conductor; and it is obvious, tliat men who happened to bo near to 
uay of these conductors, straps, knees, &c., would experience all the 
effects of these lateral discharges. From the results of many experi- 
ments, Mr. Sturgeon has satisfied himself that this kind of lateral 
discharge will always take place when the vicinal bodies arc sufficiently 
capacions, and near to the principal conductor which carries the 
primitive discharge, or to ony of its metallic appendages. 

(IH4) Another objection brought forward by Mr. Sturgeon to Mr. 
Haffria's coodactors, is, that in consequence of their passing throngh 
tUc hull of the vesst'l, a flash of lightning would bo exceedingly injurioua- 
U> tiie chronometers on board, by magnetizing every piece of femiginoua 
iBAtter which enters into their construction. *' Nub only," he obaerves, 
Id the principal conductor in the most he productive of theso 
but every strap, knee, and other metallic appendage to that 
[uctor, would coimDuuicate permanent magnetism to those morsels 
which form ao essential a part to those valuable horological 



Itwtcad of inserting copper plates into grooves in the tnasts, Mr. 
Stnigeoa proposes to protect the lower masts and rigging by cyhudrical 
19^1 of copper, four to each mast, the upper extremities to be attached 
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to tlio fore, main, and mizcn topn, as dinUnt from the nustti as cii 
stances will allow ; the lower cods to Xw fixed to tbe cbftius on tbe^ 
ontsidc of the foro and aft ahroud of each mast, aud contioaed hy hnwl 
and stout straps of copper ti> the copper sht^tbing of tlio vessel. Toj 
prevent lightning from entering the lower rigging from ahead, be pro- 
poses a conductor on each side of the fore-^tay, their upper ends to la^ 
united with the conductors of the foremast) and the lower ends with' 
the sea in the most convenient way. 

The topmast and rigging are to be funitshcd with a similar aystcro of 
conductors, and the to])- gallant rigging is to Ix? protected by three, 
strips of copper let into the mast, according to Mr. Harrifi's plan. 

(185) In reply to Mr. Sturgeon's observations relative to the latecil 
discharge, Mr. Harris opposes the following experiments *. — 
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£jr, 1. Let the jar J, Fig. 73, be charged jtontivtly^ nnnoved 
the machine and insulated — under this condition discharge ii. 
discharged, let the electrical state of the knob tri^ discbargtog con- 
ductor e c, and tliu outer coating J, be examined ; they will all 
found in the same electrical state, which state ^N-ill bo precisely 
exhibited by the outer coating and knob, whilst charging, aud 
small residuary charge will be^/ra. 

Ex. 2. Charge the jar as before ; but before discharging it withdmi 
the fffo Electricity from tlic knob. The electrical state of Urn coattni 
and appendages will now be changed, and the small residuary spark wil 
bo mxnu9 — thus showing tliai the Electricity of the spark vwrie* wil 
the coatings. 

Ex. 3. Iianiediately aflrr the dtschargr, Apply A RietalUe body 
Um coating J ; a residuary spark will bo thrown oft whicb 
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lot bo oau0od by any lateral cxplofiion caused by the dis- 

tliis residnary spark has been taken from t!io outer 
exnmine the jar, and it >^'ill bo found again slightly charged 
first, diowing the spark to be merely a residuary accumu- 

5. Cliarge a jar, exposing about two square feet of coating 
ft given quantity of Electricity, measured by the unit jar m, 
9 : let a conducting rod terwiuating in a ball r project from the 
coating, and place near it the clcctroscopo E. Discliarge the 
hough the rod c c as before, and observe the amount of divergenco 
electroscope. Double the capacity of the jar, and ngain accumu- 
fed discharge the same quantity. Tho divergence of the electro- 
•rill be very confliderably decreased : add a second and a third jar 
former, and the effect will be at last scarcely perceptible : con- 
le jar with the ground, and with a given quantity tho spark will 

It altogether. 

g. T-* represents Mr. Snow Ilarris' Fia. 74, 

Bscope, which acta on tho principle 
BrgBDce. A small elliptical ring of 
«, is attached obliquely to a small 
^od, a i, by tho intervention of a 
tube of brass at a : tho rod a b ter- 
in a brass ball, £, and is insu- 
Uirough the Bubstance of the wood 

arms of brass, r r, are fixed vorti- 
Bi opposite directions on the cx- 
of the long diameter of the ring, 
inate in small balls ; and in the 
of tho shorter dia- 
vithin the ring there 
elicate axis set on 
ply fine points : tliis 
^os, by means of 
vertical pins, two 
teeda of straw, v *, 
iting in balls of pith, 

stitnting a long in- 
prcsponding in length 

&ced onus above- 
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The index thus cirouiiistanced is suscoptiblu of an extromt^ly mmut« 
force; its tendency to a vertical poaltion is rcpilatcd by Btiitill iJidcrs of 
straw, moveable with sufficient friction on either aide of tlic axis. 

To mark the angular position of tlie index in any given case, iUerc \$ 
a narrow graduated ring of card-board or ivory placed behind it. 
Tlie graduated circle is supported on a transverse rod of glass by ibt! 
intervention of vtrood caps, and is sustained by means of tbe brass tub(^, 
a, in ^hicb the glass rod ia fixed. 

The whole is insulated on a long rod of glass, A, by means of wood 
caps terminating in spherical ends. In this arrangement, as is evident, 
tbe index diverges from the Rxcd arms whenever an clcoirical cluirgo U 
communicated to the ball b^ as shown in the lower figures. Tba 
instrument is occasionally placed out of tho vertical p(»sition at any 
required angle by means of a joint at m, and all tho insulating 
portions axe carefully varuisbed with a solution of sliell-bic in 
alcohol. 

Ex. Ct. Accumulate a given quantity as before, and obaerve tlw 
effect of the residuary cliorgo on tbe electroscope. Let a double, 
treble, &c., quantity be accumulated and discharged from a doabU% 
treble, &c,, extent of surface — that is to say, for a double qnau- 
tity employ two similar jars and so on ; Uie efiect will remain Um 
same. 

These two last cxpcrimonts prove that the spark is of diffcrnot 
degrees of force when tho Electricity is discharged from a greater Of 
less extent of surface, whilst double, treble, &c., quantities, wb«n 
discharged from double, treble, &c., surfooea, give tbe same apatk* 
Kow, OS no ono can doubt but that the effect of a double, &c. quantity 
should bo greater than a single, &c. quantity, it is again cvidvnt tltal 
the spark is not caused by any lateral explosion from the discbaigtiig 
lod, it being a well establitihed law that tho same cjuautity has Uw 
Bune heating eSuct on wires, whether discharged from a great siirilaoi 
or a small one, from thick glass or thin : some littlo allowance beu)|; 
made for tbe greater number of rods, &c., when tho surface is In- 
creased by an additional number of jars. Tho effect, theroforo, dopwd* 
ing on the jar, Mr. Sturgeon had a greater chance with a email jar tbsa 
with a large one. 

.£>. 7. Diiscliargo a jar by means of discharging circnita of dif- 
ferent dimensions, from a large rod down tn a fina wire, which thai 
charge in passing can make rod-hot. Observe the effect on tlio eloi^ 
troscopo in each case : It will be found nearly tbe same, being nthsr 
li«s wherr the tension lu the discharging wire is very c<mBidei»bW— ^, 
proving that thu tension on the rod i« not of any consequiinco» 
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JSv. 8. Conneot tho jar with the ground^ and place a emaU quantity 
of ])ercn3Bion powder inclosed in thin paper between the discharging 
conductor «*, Fig. 73, and a mctalhc ntaso placed near it. The puwder 
win not be inflamed even in the case of the discliarging conductor 
bocoroing red-hot» whereas in passing tho slightest spark it ioflames 
diioctly, which shows ttiat no kind of hiterol action arises during the 
pwnge of the charge. 

(186) Tlie following instructive experiments are also quoted by 
Mr. Hanig, to prove that an electrical explosion will not leave a good 
oooductor constituting on efficient line of action, to Coll upon bodies out 
of that iine ; — 

Lay some small pieces of gold-leaf on a piece of paper, as represented 
tn Fig. 75, pass a dense shock of Electricity (from not less than eight 
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square foct of coating) over tliese, from tlio comnicnoomeiit at A tu titf 
tenninatiou at B, so as to destroy the gold : the liuo wliicli tht 
discliarge has taken will be tliua shown by tlie blackened paxt«, ud 
tho result will be as in Fig. 75, which ia copied from the acUuil 
effects of the electrical discharge, Mr. Harris havings in a very nbligttig 
manner, funiislied me with several specimens to experiment upoo. 
By the result of the explosion represented in Fig. 76, it is shown that 
tho portions of the mast below the striking parta arc out of tlic Imc of 
discharge, and not involved in the result. 

(187) In Fig. 75 it is particukrly worthy of remark, that not only 
are the pieces 5, 6, 14^, 15. 18, 19, 23, 23, untoncheil, being from 
their positions of no use in facilitating the progress of the chaig^ 
but even portions of other pieces wliich have so operated are litft 
perfect, as in 2, 3, 8, 9, 10, &c. ; so little is there any tendency tn i 
lateral discharge even up to the point of dispcr^on of the roetaQio 
circuit in which the charge has proceeded : indeed, as Mr. Uarrii 
observes, so completely is the effect confined to the line of lcaj4 
resistance, that percussion powder may bo placed with impunity in tba 
interval between the portions 4, 5, and he contends that the separate 
pieces of gold leaf thus placed may be taken to represent dciacbtd 
conducting masses fortuitously placed along the mast and hull of i 
ship, and that therefore Mr. Sturgeon's assertion that a conductor on a 
ship's mast wouM operate on tho magazine is quite unwarrantod. 
Mr. Harris then proceeds to state a few cases of damage to certain ship* 
of the navy, wlicre metallic bodies happened to bo so disposed about 
tho rigging and bull as to approximate to that perfect state of defence 
against the cxpanBive force of the electrical discharge In which a ship 
would become placed by perfecting tho conducting power of the matt, 
and uniting them into one general continuous system with tho metallic 
masses in tho hull and with the sea, and from all these cues il 
18 shown that though a shock of lightning may divide in tho absence of 
any good conducting course, and branch out into a Tanety of otlior 
courses, DO damage occurs from a shock out of it» direct ptUh, 

(18S) Mr. Harris describes the foUowng experiment, which b« 
considers an important one, as boAring on the theory of lightning con- 
ductors, and which he made at Plymouth before the Na^y Board. A 
model of n most about ten feet in length, was mode in parts, and 
an intemiptod line of metal placed in the heart nf it. Pcmunoa 
powder was placed between these interruptions, and on the aarfiue 
of the model a continuous conductor was fixed, liaving at tho boUocn 
a metallic connection with the interior line of metal. To make llm 
experiment more comjdcte, bands of metallic leaf, &c., wvn; bort 
and there made to nuround tho mast, together with othor mofiaffic 
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ownltl ooter mfto the mwt itself, and touch llie metallic 

cductiiual accumakdon from four jars of five square feet 

Qkorgod, was dow allowed to (all uj>ou tlie ball sunnoant- 

awi coonected with the exterior and interior lines o( 

tvui tba pereuasiuD powder was not inflamed as it wuuld have 

iim least spark of Electricity, showing tliat the whole charge 

down the continaous conductor without occasioning any lateral 

\} Id answer to Mr. Sturgeon *8 objection, " that a flash of 
Ig passing down on one of Mr. Harris's conductors, would mag- 
OTcry piece of ferruginous matter entering into the construction 
Ow ckroDomeiers, and would render them and the compasses use- 
Mr. llarris replies by an appeal to facts, and sliows that out uf 
naee all the facte of which arc especially known, only oh€ 
in which the compasses and chronometers became damaged, 
m this case tht; electric diiicharge invaded the place in which these 
tta were, demolished all the bulk heads and fittings of tho 
ft»d passed directly through thorn, or near them, in its course to 
; and be also gives a tabic containing some remarkable instanoee 
wUeb discharges of lightning traversed lightning couductors in ships 
Her Majesty's navy icit/tout producing any <jflc-ct whatever ou the 
oocnpaMesL 

(190) I have now to notico a paper " On the Action of Lightning- 
Condaetors,** by Air. Walker, Secretary to tho I^ndon Electrical .So- 
ciety, printed in the 6th Number of the Proceedings of that body. In 
this essay, Mr. Walker endeavours to sliow — 

1st, That the discharge of a Ley den jar doe3 not resemble a flash of 
^yrtBiig ; and, therefore, that Leydea jars should not be employed iu 
Hm» experiments. 

H Snd, That the discharge of a prime conductor <ioea in all essential 
BtoAineomblo a flash of lightning; and if, therofure, admissible iii 
Bto0 espmments. 

K3id, That a wire on which sparks are thrown from the prime con- 
PJMtior represents a litrhtning-rod. 

L 4ihi That sparks will pass from such a wire, and, therefore, from a 
^mbuog-rod, to Ticinal conducting bodies ; and — 
Fsik, Tliat theso sparks may be prevented by connectiog the vicinal 
bdiai with tho rod itself. 

H(lJ)l) These poeitioDB arc supported by Mr. Walker in a very inge- 
Hms manner, though with what success, each will judge fur himsvlf. 
mk is highly pleasing, however, to observe tho open, diflidcnt, and liberal 
itt which Mr. Walker writes, aud to &ud him declaring, that a:t 



Ilia only object is to arrive at the frtiM, lie is willing to witlkdniw Via 
faith from the cunclusiona to which he baa arrived, should t]ic*y be 
shown to be based on a false foundation. 

(192) lu the prosecution of his experiments, Mr. Walker had tbtf 
advantage uf tlie finest piece of electrical apparatus probably in the 
world, viz. the large machine at the Polytechnic Tnstitutioa, the pUte 
of which is 7 ft. 3 in. in diameter, and the spark from the coaductor 
which is said to have force enough to fell a man to tlie ground. 

(193) Tliat the discharge of a Leyden phial doea not rceemblea flonh 
of lightning, Sir. AValkor concludes &om the following oonsideiatiom 



Fig. 77. 




—If C, Fig. 77, be 
taken to represent a 
plate of glass, and A 
and B respectively the 
coatings of tin- foil, of 
which (for example) 
A is positively charged, 
the o<pulibrium is re- 
stored by a spark pass- 
ing at p, between the 
balls a and It. Now, 
if A bo taken to re- 
present a cloud, B the earth, and C the intervening stratum of aix', 
to complete the analogy, the flash ought to take place between tlie 
layers of tin-foil ; and consequently the only case in wldcli the dis- 
charge of a Leyden jar resembles a flash of lightning is when the gbtfi 
gives way, and the Electricity passes through it. 

Again, tliero is a fundamental difference between the direction of tbe 
respective discharges. In the Fig, 77, the tendency toward* the 
storatiuu of the equilibrium is exorcised in the direction pointed out 
the arrow /, aud in that direction alone. But when the dischargti 
ftrtangcmcnt D is introduced, there is a tendency to discluuge in Um da 
roction of the arrow e; and these forces being in opposite diirctiona, tbe 
length of the striking distance c is due to the tliffh'enai i^tcwn (Am 
Jorc€$\ and thus Mr. Walker accounts for the fact that the sparic frMBi 
the Leyden discharge is short and straight, while that fp^m tlie pritDO 
cunductur is, like a flash of lightning, deviuus and zigzag ; and, W IB 
the discharge from the prime conductor, there ore no coiiti*' ' ^^ f-"s act- 
ing in oppositiun to each othcr^ it rescmblea a flash of ' both 
baring a direct patli to the earth. 

(184) Mr. Walker connected a stout copper wire with tbo 
fittings of the houAC, being insulated on glass rods at diflit'rent part* 
Uio room ; and on drawing sporka from the prime conductor by rm 
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tffMS ball fivo inches in diameter, attached to tho other end of tho 
ixQi aad held in tho hnnd by Toeans of n glass rod, Hpnrks were drawn 
the same time, not only from the gas-fittings of the room in which 
experiments were made, but also from the burners in the workshops 
sturies below, llence he draws the conclnaion that if the prime 
oondnctor represents a clond, tlie spark a flash of liglitning, and tho 
wire a lightning-conductor, there i$ a danger of a ditition of iIm charge* 
among vicinal cunducting bodies. 

(195) A circular piece of Fio 

ood between two and three 
fivt in diameter, covered 
with tin-foil, was then placed 
a stool, and connected 
the earth in tho man- 
shown in Fig, 78 i sparks 
ore taken between the 
prime condnctor and rt, 
placed immediately over it, 
d tlie arraDgemcDt was 
pposcd to verge closely 
tipon the conditions attributed to the action of a lightning cloud, still 
sparks could always be obtained from the wire whenever a condnctor 
was approached tu it. 

(106) The following experiment was next made : — On a deal board, 
out two feet square, were pasted slips of tin-full, <i, i, r, Fig. 7^- 
le upper slip, fl, was designed 
represent the cloud ; the 
rer one, (, the earth ; the 
jrpendicular, r, the lightning 
the other slips, bent at 
ht angles towards «, jr, x^ 
vicinal conductors in good 
lexion with tho slip £, 
sh It itself connected with 
(B earth by the wire B. 
'ben sparks were passed 
im the machine upon a, 
discharged themselves at 
to the conductor e, and passed along it to B j but under no cirvum- 
would thoy pass tho spaces ^, jt, «, on which was placed per- 
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• It i« worthy of romark that Mr. Walker uies the expression " division of 
l^wse'* in prefrrcDcc to *' lateral ditcbargc/ * a very difTercnt afliiir, the ejcintence 
«1iich wM the principil topic of dlacuBBion twtween Mr. Uarria and Mr. Sturipeon. 
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cussion powder. Tl»e wiro B wm now removed to the jwisiti 
connecting it with a good discliarging train, and the cxpcrimenlcx look 
in Kia hand the wire C, connected with Ih© same pipes, and in the Baau 
direction sparks were passed as before at t/, and hy applying the mn 
C to any part of any of the ahps of tin-foil, he waa enabled to draw off 
^[wrkfl. But when the wire C waa placed in a position simiUr to that 
represented by D, to^tchtng ike tin-foil h at «, the sparka ceased to 
•ppe«. 

(197) Lastly, a long brass rod, 
terminating in the 5-indi ball A, Fig. 
80, was connected with the prime 
conductor; beuealh A waa a corre- 
sponding ball D, mounted on a similar 
brass rod; the latter was screwed 
into a small brass plate, which was 
fixed to the floor of the room. A 
stout wire l connected the plate with 
the discharging train : a smaller brass 
rod C, terminating in a small brass 
ball, was connected with the same 
discharging train by the stout wire f. 
Ilere A was taken to represent a 

cloud, the small brass plate and the wood-work about it the earth, D 4 
lightning rod and C a viciual conductor, the wirea b and c employed fur 
producing effectual discliarges. The machine was put in action, 
and a scries of long and vivid sparks were passed between A and B. 
The experimenter rested the rod C on the bran plate, and brought Uie 
ball near the conducting rod, but no aparln occurred. But when C 
was moved into the position represented !a 
the drawing, — that is, when its lower Qad 
was made to rest on the Jlwtr vf the rvoiPiy 
hwf atui bright 4parki pantetl in ahunJancd 
from tha rod B ; and this, whether the 
wire c waa or was not attached to fcUo 
smaUer rod. 

(1U8) Mr. Walker Attaches paiticolar 
value to these two last cxpcrimoats, 
because )io thinks they afford him a 
nieoiu of oxplaining thu following expesi- 
mout of Mr. Suow Harris : — '* InsuUio a 
circular conducting disc, M, Fig. 81, of 
about 1 Coot in diameter, ftud o])poso to it m 
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&iuhr fine, N, at about 6 ioches distance, and connected with tho 
groaad. These discs may l>e of wood, covered with tin-foil. 
Stand a conductlng-rod, <*, t*, terroiniiting in a boll, on the lower disc, 
and plaoe near it the metallic body o. Electrify the upper disc : 
dono sparks may be caused to fall on tho rod, but no effect is ob- 
nmUe on o, even if percussion powder bo placed in the opening 
be t ween them. 

Now, Mr. Walker thinks it clear that the reason that no sparks pass 
from c to 0, is because they are in direct metallic connexion ; for, 
ahfaonglk in his own experiment, iti which sparks were obtained 
between B and C\ (Fig. 80,) on disconnecting C from the brass plate, 
the two rods were in metallic connexion, (both uniting in one train, 
some fifteen or twenty feet distant,) yet the resistauoe of the uir between 
tlie rods being less than the sum of these rcmstances, the divisiim of 
charge takes place ; and be considers, from these illustrations, that it will 
ke crideot that we do not imitate nature, in selecting a metallic disc to 
TCpreBcnt tho earth, and experimenting on conductors erected on this 
^sc, becaose we make such a connexion as never occurs natnrally ; and 
he draws the general conclusion, that the only method of preventing 
sparks from passing from a lightning-rod, while conveying a flash of 
lightning to vicinal conducting bodies, is to connect these bodies «ith 
the rod itself. 

(199) Tlie following is the substance of the reply of Mr. Harris : — 

the first place, he submits that Mr. Walker has failed to verify his 

by an ap])eal to tho actual operations of nature, but putting 

certain notions about *'*' lateral dvtchar^es** and the action of 

Ittutng-rodi^, he doos not give a single instance from observation in 

in which his views arc borne out, — imt oius cate in which a 

or a ship, having a lightning- 

ited, wben struck with Ught- 

ig, the phenomena insisted on. 

Secondly, he thinks that Mr. 
^alker has not given a sufficiently 
deCflsfte explanation of what ho means 
ly ** lateral explosion.'* If he means 
to my, that when a great variety of 
ctrcaits are open to a passing charge, 
the charge will divide upon them all, 
or tend to do so, tliat is by no means a 
DOW Uei. If, for instance, A B (Fig. 
9t) bo a lightning-rod, c, rf, and <",/' 
«ilMtr rods very near it, each having a 
common cooooction with tho earth or <£:= 
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at B ; then supposing tlic reetBtuooe on the points c ui 
equal to 01 loss tlian tliu rcsisianco of the conJuctor A B, i 
that the passing charge will divide upon the three rod* : heoco H ii 
wo should give lightning conductors great capacity, and bo pboo 
tlmt thcro shuuld bo uo circuit open of which they do not lorn 
part* If, on the other hand, Mr. Walker would infer, that in 
neutralizing tlio opposite electrical forces a lightning rod will aetA 
off a portion of the passing charge to scroi-insalated mnnoro of metal, 
merely because they are vicinal bodies, as in Fi^. 80, then he mt 
protcijt against thero being any snch instance in common Elociricil 
or in the operations of nature. 

(201) Thirdly, with respect to the difference of dischar^ from t)io 
machine and the discharge of a jar, he thinks Mr. "Walker's views 
aro quite hypothetical and unfounded. The essence of the diaofaaigs 
18 tho neutraliuition of two opposite electrical forces, made active and 
a43cumu]ated on a peculiar arraugcmeut of opposed conductors, with an 
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intermediate insulated medium. It 

i« these opposed conductors that are 

solely and exclusively concerned ; 

and it can poBsibly make no dif- 

furenoo, whether tho discharge bo 

effected tlirough a rod A c D 

(Fig. 83), in the coutro of tho 

planee, or by a rod ti, m, &, at tho 

edge of the pknoa, or by a curved rod «, o, ft, exterior to ibej 

pknes. Tlio forces neutralize through tho least resisting points ; 

and it is an electrical iiupoHsihility that, in the act of this nmi- 

trulizatlon, any portion of either of those forces, or any portion 

of tho combination of them, ehould he left behind, as it were, on 

tho road, upon vicinal bodies, to the exclusion of such portion from tho 
im upon wliich the whotv result de])ends. In nature, the cbor^vd 
ids arc not always neutralized directltf through tho intennodiate air. 

Thus hjt S (Fig. «4)J 
P'O* 84. l^ the position of a 

ship uu tlio ])lanp of J 
thfl sea B, in rcffpect, 
of a thundi*r»doud A^ 
Thcu if the resistance 
to tho discharge of 
tlie fiystein A, C, B, 
should bo loss from 
tho odgo of tlic cloud 
in tho direction of tlie 
ship's most ai S than 
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the loicrral C, there will be a etde cnrcuit immediately. A, S, </, D, 
id flosti TV-ill pass from the cloud. 

(202) Mr. Walker's hypotliesia about opposing forces appears to 
amount to thia ; tliat if two curved wires a, b^ — c, d^ (l^ig* S5,) 
be placed exactly opposite each 

other, on the charged aurfacca rlQ, oS, 

or a coated paoe A B« tlierc 
will be aa much tendency to 
discharge in the points a, e, 
aa in £, (/; or, in other words, 
that Uio whule coating on 
one side tends, in every point 
equally to discharge upon the whole coating on the other side ; 
and the supposition of a second coated pane at c, (Fig. 77,) is virtually 
the case of two coated panes, or two jars conucctcd together at their 
inner and outer coatings, — in short, the case of an electrical battery. 
The instant the balls of a discharging-rod are brought to touch the inner 
and outer coatings of a cliargcd battery, there is no longer any opposing 
force whatever between the coatings.* Tlie discharging balls are them- 
iclvcs the coattnga to the interval of air at C, which breakt down 
aciuaUtf untUr the cliarff^ ; and aa thia drcuit in no aensc differs from 
the position of two wires on a single pane, the discharge at c is reduced 
to 3Ir. Walker's supposititious case, of breaking through the pane itself 
m. a weak point. f 

(203) Fourthly, wth respect to the difference between the spark 
from a macliinc and that from a charged surface, in any case of taking 

ks from the prime conductor, the conditions of the Lcydeu jar are 
plied with. The opposed balls become the hemispherical coatings to 
interposed air, and the spark is nothing more than the repeated 
hargc of the system, and an excess of Electricity fotx^'d over upon 
the opposed ball, in order to be r€tumed to the rubber and n«gatiif6 
cemductvr of the machine. But this is not the state of things in nature ; 

* Ertn during tbe approaob of the balU, alt the action commences to operate in 
iku lUroction, as nsT be leea by the falliug of the electrometer. The opposing 
rar«M l«n(l to neatralixe through the circuit, and not throngb tbe glaw, beciuie 
llMt circuit bccomei lea«t resictiag. 

t Mr. Hnrris'a new ippeara to be tWs : — The lawi of discharge are in all cases 
the ftamc, the forces neutraUzing through lines offering the least resistance ; and 
flOOHqiKiitly if a line of conduction or transit be provided of indefinitely leas 
ndfltaoctf than anj other line, that will in all cases determine the line of discharge 
ivitboot re-ference tii oUier bodies. Tliia hue is a perfeetly applied Ughtaing>rod. 
If there be no such line provided, the electrical forces iu action will moke one 
for itself, and will actually pick out any set of detached metallic mnstex which 

^peu to lie u points in such a line, leaving otheri nntoucbed, as already exempli- 
la rig. 75. 
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was provided with conductors in her masta. She enconntored a tt^ 
raendous tropical hnrricanc and tliundcr-stonn. The officer who had 
cliarge of tlic watcli, and the cnrpontcr, who waa cloac to ilio main- 
rnaat, say that the thunder and lightning were most awful. ^ It wa« b 
the middle watch of tlio niglit, — pitch dark — the ship rulling fearfullj 
in the fiqualls, and lightning breaking in all dircotiona arouud. Al 
last came a fearful crash as if all the main-deck gnna had be^i find. 
A momentary gleam of bright liglit appeared upon the conductor. 
The ship is reported tt) have shook from end to end, and the cutLasaa 
stored in a frame round the most, to have shook and rattled Uko kasL 
The carpenter, who was leaning against the pump-handles, says li« 
felt them vibrato. Still no hann was done; no lateral explosion; do 
ill effects to the men near the mast, and the sails all around the con- 
ductors were safe. The people declared that though they had oft<n 
been in thunder-storms, and had witnessed tlie destruction of alil|)t' 
masts by lightning, they had never encountered any thing like this; 
and, as might bo expected, the conductors acquired a great character in 
the ship. This was not the only time she was struck during tlie same 
voyage, without any ill cifect. 

It is important to notice, that at the time the oloud broke on tlio 
mast, there was heard about the line of the crash a furious ichisj mb if 
the valve of a stcam-cngino had been let loose. 

(210) Waterspouts, and volcanic eruptions in the sea, are gceDsnlly 
attended by thunder and lightning, and may bo classed among electrical 
phenomena. In Juno 1811, Captain Tilland observed off the island of 
St. Michael one of these marine volcanoes, of which ho has given tba 
following account in the Philosophical Transactions. ** Imagine," sayt 
he, ^^ an immense body of smoke rising from the sea, the suHao* of 
which was marked by the silver rippling of the waves occosioirad 
by the slight and steady !)reoze8 incidental to those climates in summer. 
In a quiescent state, it had the appearance of a circular cleud, revolving 
on the water like a horizontal wheel, in various and irregtilar invola- 
tions, expanding itself gradually on tho leo side, when suddenly ■ 
column of tho blackest cinders, ashes, and stones, would ehoot up ia 
the form uf a spire, rapidly succeeded by others, each acquiring greater 
velocity, and breaking into various braDobes resembling a gronp of 
pines; these again forming thomsclvea into festoons of white featbcsy 
smoke. During these bursts, the mont vivid flashes of lightning coci- 
tinually issued from the densest part of the volcano, and the columns 
rolled off in large loaasos of fleecy olouds, gradually expanding tbom- 
selves before the wind, in a direction nearly horixontnl, and drawiiig^^H 
a quantity of waterspouts, wliich fonnotl a striking addition to ■! 
9coQe. In loss than an hour, a peak was viaiblcf and in throo lionn 
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from ili0 time ot o\u arrival, tlio volcano^ then being four honrs old, a 
cmttrr was formed twenty foot liigli, and from four to five* hundred feet 
in diameter. The emptions were attcn«led by n noiso like the firiug of 
cannon and inutiketry mixed ; as abo witli shocks of earthquakes, 
snfficient to throw down a large part of the cUfT on which wc stood. 
1 aflcrvriirds visited the volcanic island : it was eighty yards high, its 
snier upon the level of the sea was full of boding water ; it waa about 
m mi^ in circumference, and composed of porous cinders, and masses of 
stone* 

(217) The aurora borcalis is unquestionably connei'ted with Elec- 
tricity in Booie way, tliough it does nut appear at present in what 
pffBOse manner : \ta appearance may be imitated with great oxactncsa 
by artificial Electricity ; for if a tube be partially exhausted of air, 
and a stream of Electricity sent through it, the same variety of colour 
utd intensity, the same undulating motions, and occasional corus- 
cations, and the same inequality in the luminous appearance, aro 
exhibited as in the aurora ; and when the rarefaction is considerable, 
(Mr. Siugt-T obftcrvea,) various parts of the stream assume that 
peculiar glowing coloar, which occasionally appears in the atmosphere, 
and which ia regarded by the uninformed observer with astonishment 
and fear, 

(218) The aurora borcalis is seldom scea in perfection in this 
CIHintry, and of late years has rarely been noticed at all. But Captain 
Parry, in Ids second voyage for the discovery of a north-west passage, 
liod abundant op|K)rtnnities of observing it in the greatest splendour. 
Tbnt highly distinguished {)hilosopl)er and chemist. Dr. Dalton, liaa 
«Uo fomirihcd us with an account of an aurora, noticed by him, on the 
\5ih of October, 1792. I shall take the liberty of inserting an extract 
fcooi it* and also an abstract of Captnin Parry's description of an aurora 
ofaaerved by him on tho Uth of Uicember, 1821. 

(21 9) ** Attention was first excited," says Mr. Dalton, *' by a remarka- 
bly red appearance of the clouds to the south, which afforded sufficient 
U^t to read by at eight o'clock in tho evening, though there was 
no moon nor light in the north. From half-post nine to ten, there was 

■ a large, luminous, horizontal arch to the southward, and several faint 
^^Bmicontric arches northward. It was particularly noticed that all tho 
arche« seemed cxaxstly bisected by tho piano of the magnetic meridian. 
At half-post ten o'clock streamers appeared, very low in the south-castt 
running t» ond fro from west to east ; they increased in number, and 
br^n to ajiproach the zenith apparently with an accelerated velocity ; 
when all on a sudden tho whole hemisphere was covered with them, 
and exhibited such an appearance as surpasses all description. Hie 
iiitcaaity of the light, the prodigious number and volatility nf the 



beams, the grnnd mtemiixturc uf all the prismatic colonn in 
utmost splendour, varicgnting the glowing canopy with the mut; 
Inxuiiajit and enchanting scenery, afforded an awful, but at the same 
time, the most pluusing and aublime spectacle in nature. Every 
one gazed with astonishment, but the uncommon grandeur of tbo 
scene only lasted one minute ; the variety of colours di^ppcare«l, ami 
the beams lost their lateral motion, and were converted into the fla^biog 
radiations. 

" Notwithstanding the suddcnnesa of the effulgence, at tho brealsing 
out of the aurora, there was a remarkable regularity in the manner. 
Apparently a ball of fire ran along from east to west, with a veloaty 
80 great as to be barely distinguishable from one continued train, < 
which kindled up the several rows of beams one after another. Theses 
rows wcro situated before each other with the cxactcet order, to 
the base of each row formed a circle, crossing tlie magnetic meridian at 
right angles ; and the several circles robu one above another, so that 
those near the zenith appeared more distant from each other than thoae 
near the horizon, a certain indication tliat the real distances of the rows 
were nearly the same. The aun>ra continued for several hours. Tliere 
were many meteors (falling stars, as they arc commonly cnllcd) seen at 
the same time ; but they appeared to be below, and unconnected 
tho aurora." * 

(220) "Tho aurora," says Captain Parry, "began to shew itwll 
as soon as it was dark. Innumerable streams of white and yellowislil 
light occupied the heavens to the southward of the zenith, being mudt 
brighter in the south-east, from which it often seemed to emanato. 
Some of these streams were in ri;;;ht lines, others crooked, and waving 
in all sorts of irreg\ilar 6gurcs, moving with inconceivable rapidity in' 
various directions. Among them might frequently be observed Hhortcc { 
bundles of rays, which, moving even with greater velocity than thai 
rest, have acquired the name of ' merry dancers.' In a short time the 
aurora extended itself over the zenith, about half way down to the 
northern horizon, but no further, as if there were something In that 
quarter of the heavens that it did not dare to approach. About tliis 
time, however, some long streamers shot np from the horizon in tho 
north-west, but soon disappeared. AVhilo the light extended over part 
of the northern heavens, there wore a uuniber of rays assuming a cir- 
cnlar or radiated form, near tho zenith, and appearing to hare 
common centre near that point, from which they all diTcrged. Tbo I 
light of which tliweo were compo»ed appeared to have inconcinTahlyj 
rapid motion in itself, though tlie form it assumed, and the Dtntion it 
occupied in the heavens, underwent little or no change for |ic7haps 
* Dftlton't McttKiruIngloal £^m«^ 
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minate or more. This efivct is a common one with the aurora, and 
puts oni: in mind, as far as ita motion alone is concerned, of a person 
holding a lung rihbon by one end, and giving it an undulatory motion 
Uiruugh its whole length, though its general position remains the 
same. Wlien the streams or hands were crooked^ the convolutions 
took place indifferently in all directions. The aurora did not con- 
tinue lung to the north of the zenith, bnt remained as liigb as that 
puiut, for more than an hour. After which, on the moon rising, 
il became more and more faint, and at half-jioAt eleven was no longer 
risibltf. 

** Ti»e colour of the light was most frequently yellowish white, 
dumeiimea greenish, and onoo or twioc a lilac tinge mos remarked, 
when eeveraJ strata appeared as it were to overlay each other by very 
rapidly meeting, in wbich ease the light was always increased in inten- 
sity-. Tlie electrometer was tried several times, and two compasses 
oaed on tl»c ice during the continuance of this aurora, but neither 
perceptibly oflTocted by it. We listened attentively for any noiso 
tkat might accuuipany it, but could hear none ; but it was too cold to 
keep the ears uncovered very long at one time. The intensity of the 
Egbt was something greater than that of the moon in her quarters. Of 
its dimming the stars there cannot be a doubt, M'e remarked it to be 
tn this re6[icct like drawing a gauze veil over the heavens in thai part, 
the veil being most thick when two of the luminous sheets met and 
overlapped. The phenomenon had all the appearance of being full as 
near as many of the clouds commonly seen, but there were none of tho 
latter to compare them with at the time." 

(221) Although Capt. Parry did not observe any electrical or magnetic 
distnrliances, during tlic aurora, of which ho gives the above descrip- 
tiDTD, yet both were noticed by Captain Franklin.* A hissing sound 
wa« also beard by Naimc, Cavallo, and others. There can bo no 
dmibt, therefore, that tho phenomenon is to he ascribed, in a great nica- 
attte» to the operation of natural Electricity. 

* Jourtipy lo the Shores of the Polar Sea. 
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LECTURE IV. 

VOLTAIC ELKCTRICmr. 

Origin — nBlvftoi** cxp«riincDts tuid views — VolWs CTpIiiniitirtn — Teniioa aii 
lutonsity — (Jalvnnlc amuieenieiits — i^implc circle* — Tmnrfrr nf rli'mi-ntt OiIb 
rimoton — Voltaic pile — De Luc'a and Zambonl's pile* — Water battery — Mr. 
Crosse'* cxtcu«ivcBPrif« — Mica buttery — ^The Autlior'a water bnltory — Cooronnn 
dct tMSBim — Cruickahaak'fl aiid liahlngton's batteries — WooUuton*! •mngv- 
mcnt — Dc la Ruc'» battery — Dr. llare** battery — Yoiiug-'s modiAciitJaD — DiukU*t 
*'cou9taut buttery" — BxperimcutA with aji extensive »crie* of — MuUiiu't modk- 
flcatlon of the " constant batttry" — SliUUbecr'B battery — Smce'* ehr.inJco- 
niecliunical tmttcry — (jmvc'fl nitric acid bottcrj' — \ub tftueoiu voltaic batt/rf— 
Van MvIbcii'k buttery — Wolkcr'e simple metliod u( cunetructiug a "^ cooBtaaS*' 
battixy — Sturgeon's caal-iron buttery — Tcculior conditions of iron — Glove's 
explanation of the caosc of the inaction of amalgamated oinc, in dUnto salpluuk 
acid. 



(222) TuAT reniarkablo form uf Electricity, kuoim by the naow qf 

Galranijim or Vo/taisfn, owes its origin to an accidtiulal circumstuioe 
coDtiectcd with some eipcriraents on animal irritability, whicli wcro 
being carried on by Qalvani, a professor of anatomy at Boulogue, in 
the year 1700. It liappcned that the wife of the professur, being ooo* 
sumptiTC, was advised to take aa a nutritive article of food, some soap^ 
made of the flesh tXfrotft : several of these animals, recently killed and 
skinned, were lying on a table in the laburntory, close to on doctricil 
machine^ with which a pupil of the profeSBor was making experiment*. 
"While tlio machine woa in action, he chanced to touch the bare ncrvo 
of the leg of one of the frogs with the blade of a knife thot he hchl in 
his hand, whea, suddenly, the whole limb was thrown into violent 
oonvolflions. Qalvani was not himself pniaent when this occurred ; 
bot received tlio account from his wife, and hfing struck with tho 
singularity of the phenomenon, he lost no time in repeating the expen- 
ment, and in investigating the cause : he found that it was only when 
a s])ark was drawn fruiii tho prime conductor, and when the knife or 
any other good conductor was in contact witli the nerv« lliat tbe 
contractions took place; and puriiuiiig tlieinvc-attgutiun with unw«ai{«d 
iadostry, he at length discovered that the etlc-ct wa« iudt'pendcikt of thi» 
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electrical ntacliloe, and migbt be vijuiilly well prrxluoed by iua)iiDg a 
metallic communication between tlic onuiile muscle and crural u(*rw» 

(223) Galvaoi had previously entertniucd notiuna respecting tlie 
agency of Electricity, in producing muscular action : tliese new ex- 
periments, therefore, as they seemed to favour his views, had with him 
more than ordinary interest. lie immediately oflcribcd the convulsive 
noTementa in the limb to electrical agency, and explained them by 
comparing the muscle of an animal to a Lcydcn phial, charged by the 
accumulation of Electricity on its surface, while he iina;^ned that the 
DCfTe bdmiging to it performed the function of a wire, communicating; 
with the interior of the phial, which would, of course, be charged 
■Mynfirr/y. In tliis state of tilings, if a communication by a good con- 
doctor were made between the musclu and nerve, a restoration 
of the electric equilibrium, and a contraction of the fibres would 
came. 

(224) It had been observed many years before this period, that, when 
a piece of silver ia placed upon the tongue, and a piece of zinc or lead 
under it| a slight sensation and a j>eculiur saline taste ia ex- 
perienced whenever the ends of the metals are brought iuto coutact, 
and, that if one metal bo placed between the upper lip and the gums, 
the eyes arc aficcted as by a flaah of light, when contact between the 
tMtela ia oetablished, though no such effect is noticed as King as the 
OMftab ftro kept separate : these previous observations do not, how-evor, 
at all ititi'rfere with tliu originality to which Galvani has a most un- 
doubted claim, as thoy excited no attention, and called forth no effurta 
of the mind. It is curious to notice how frc<iucnt!y the progress of dis- 
ouvvry in the sciences is influenced by fortuitous circumstances, and in 
nu caae is it more striking than in tlie prcscut. Had Galvani been as 
good an electrician an he was anatomist, it is probable that the convulsions 

•Uie frog would have occasioned him no suqirisc; he would immediately 
re seen that the animal formed part of a system of bodies under 
KMtiurfton, and ho wou}d have considered the movements of the hmbs of 
tlui frug as evidence of nothing more than a high clcctroscopic sensibility 
in tU ucrvee. 

(225) To perform the experiment with the frog's legs successfully, 
ilm k^ of the &og are to be left attached to the spine by the crural 
nerVM alone, and then a copper and a zinc wire, being either twisted or 
•oUvrod together at one end, the nerves arc to be touched with one 
wifo, whilst the other ia to be applied to the muscles of the leg. 
Fig. 89 ahows the arrangement. There are several waya of varying 
(bia experiment, the following one may be practically apjilied to a use- 
ful purpoao. If a piece of co|»per, oa a penny, be laid on a sheet of 
nntfy and if a common garden snail bo put to crawl on the latter, ho 
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Fig. 89. will be observed to elirink in bis lionw 

and coutroct hisbt>dy whenever becomes 
into contact with the [wnay : mdm^d, 
after unu or two oontocta lie will be ob- 
served to avoid the copper in hisjounwy 
over the zinc. It occurred to the anlbor 
Ust summer, to try whether hy coa- 
stnicting a low narrow double wall, con* 
sisting of a strip of cop|>cr, and another 
of zinc, soldered together, and fixed in tlic ground, round small flowcr- 
bcdti, delicate plants might not be protected from the incursions of thcM 
dcstriictire reptiles, and he has reason to think tliat tlie experiment wtt 
successful, and may furnish a valuable hint to gardeners. 

(226) The experiments of Goivani excited mucli attention among the 
men of science nt that period : they were repealed and varied ia almoal 
every country iu Euroj^e, and ascribed tu various causes. 
imagined them the effect of a new and unknown agent : others aO 

tho views of the discoverer, and recognized them as peculiar modi* 
ficatiuns of Electricity. Tho liypothetical agent which passed iiti<!i'z 
tho name of tho '* nervous fluid,'* now gave way to Electricity, wliich. 
for a time, reigned as the thai prinriph^ by which *' the decrees of the 
understanding, and tlio dictates of the will were conveyed from the 
organs of the brain to the obedient member of the body,'** and iKi* 
tlieor)' fur a tinio so fascinated physiologists, that it was with diflfieulcy 
th.it the explanations of Volta^ viz. that the electric excitement is dur 
tho mutual contact of two dissimilar metals ; — that, by the contact 
natural Electricity was decomposed, the positivo fluid passing to 
metal, and the negative one to tho other: — and that tho muscle 
frog merely played the part of a conductor, obtained assent. 

(227) It is to Professor Volta, of PAvJa, that wo aro indd 
first galvanic or voltaic instrument, viz. the roliaic pih ; it w:. 
by him in tho Philosophical Transactions of 1800, and to him therofc 
the merit of laying tho foundation of this highly interesting branch 
science is dne. The main differenco between common and vi 
^Electricity (which are modifications of the same force) will bo tt, 
^o proceed, to be this : tho firtt produces its effects by a compai 
'''nail quantity of Electricity, insiibttcd, in a high state of 
baving remarkable attractive and repulsive energies, and power to fc 

way through obstructing mctlia : the Littrr is morw iiil 
^ociaied with other bodies, is in rnorffiOHt guantiij/, but rarely 
'"gb state uf tension, and exhibits its cffecta while flowing ta a 
^»niiotig btrcam along conducting bodies. 

* Lardner. 
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(228) We will first direct our attention to tlio nature of those 
r tit? wliicli are the sources of galvanic power: it mtiy, bow- 
\ .. rtli wliilo previously to endeavour to obtiin a clear notion of 

the eUctricol me&ning of tlie words (cn$ion and inurtfitj/y — terms ro- 
speeting which sonic confusion appears to exist in the writings of many 
elect riciauH. 

(229) For the following remarks I am indebted to Mr. Snow IIarri«; 
and while I confer myself perfectly satislicd witlt the distinction he haa 
«IiBwn between the two torina, it is right that I should state tliat Mr. 
Goodman, in his Es^ay (13G), has taken a different view of the subject, 
aad that he nnderstands tnuiou as referring to a *' polarizing power/* 
'* transferring force," *' capability of passing," " a forcible stretching or 
expansion from the centre towards the circumference ;" and hitenntj/ as 
eije^ifying condensation or concentration from tlio circumference towards 
the centre, that of large quantity reduced to a very small compass, &c« 
(Sec his Essay.) 

(230) According to Mr TTarris'a views, intcntitp in common Elec- 
iricity should be limited to the indications of an electrometer employed 
lo determine by certain known laws of its relations to an accumulated 

gc, — the quantity accnmnlated, or any other electrical element 
uired to be known. Thus, by the nse of certain instruments, it ia 
nd tiiat with a quadruple attractive force there is twice the quantity 
of Electricity accumulated, and so on, the surface remaining the same ; 
again, with a double extent of surface, the same quantity is accumu- 
lated aA before, when only one-fourth tlie force is indicated by tlio elcc- 
trotueler.* The relations of the indications of the quadrant electro- 
Bici«r, or of any other electrometer, to the quantity accumulated, &c* 
&c., Mr. Harris considers as coming under the term intni$ihf ; for they 
shew, at the same time, the force of the charge upon surrounding 
bodies. 7Vn/io», Mr. Harris applies to the actual force of a chanje to 
down any non-condnctiiig or dielectric medium between two 
niinating electrified planes. For example, take a coated pane of 
f U=«t^ and charge it in the usual way ; then the absolute force exerted 
by ifa« charge in the inter^'ening glass — the force exerted by the 
lariaSDtl ]>art)c1cs of the glass to get out of their constrained stale may 
e3epr«8»od by the term tention ; and there would bo no cuntnulictiun 
Of coperBaity of tenns to talk of tho int<msi(y of ih9 tannon in this 




(231 ) Tho sum of tho matter appears to bo this : — tntgion applies to 
the particle* of the electric agency itself, — to a force, in short, such as 
Faraday bos Bhown to exist in tlie polarized state of particles of matter, 
to unfetter thcmwlves, as it were; wliereoB \nten$itif applitw to the 

• flc«' Sfr n«rriii'» \M\\M.r% \u tlift Transactioni of Uir Royal Society tor Jftflft, 
t*ftn S \ wi\ Tor 1X111, Von S. 



Lattnictive forces between the temiiuutiiig plates vhich aroTB^BIF 
rdaries of tlie syst^io, as wlien .1 plane countcrpui:^c<l at tbo end uf • 
beam ia oaased to deeoeod upon another plane beneath it, by ulectricil 
attraction, the weight in tl»o scale pan requiaite to balance Uii» force m 
the intensity Iwtwucn the planes; whercaa the um*itm of the chorjd 
between them refers to the polarized particles of the dielectric me<linni« 
— that ia, to the force, whatever it be, by which they endeavour to 
retnm to tlmr primitive state. Now, the attraction between tito 
planes may be conceived to be the result of the induction sustained by 
the particles of the dielectric between them, the force of which may bo 
calied intensity ; and tliia may difier from the le-actire force in tho 
polarizL*<l particles themselves, — that ia, the force they exert to return 
to their primitive state. It may be also that this last force is in 
proportion to the quantity of disturbance in the particles, or in propor- 
I tion to the quantity of Eluctricity developed in the terminating planes 
■or coatings; whilst the intcnstity, or force of attraction between tUfl 
coatings, supposing them free to move, might be as the square uf the 
quantity of Electricity. 

(232) It is very justly observed by Mr. llarria, thai it would be al- 
most as well perliaps if the term ^'tension" were banished from ouauDon 
Electricity altogetlicr, as being too hypothetical a word tor our pi 
knowledge of Electricity, inasuiucb as it is essentially applicable to 1 
species of elastic force. Now, we do nut know whether Electricity 
a force of th» kind or not. The tcnu *^ intensity" is not open to 
objection, because it simply expresses the energy or dcgro» of po^ 
witli which a particular furce o^Kirales, be that force what it may. 

(233) Galcanic arranifemcnts. — If we take two cqual-si-ced plates of, 
well-polished copper and zinc, each funiiithed with a gloAs handle |fl 
insulation, and bring them into contact, holding them by the ghus, it wH 
be found by appeal to tho condenser (Fig. 9) after their rotnoval, thfl 
there is a sliglit accumulation of positive Electricity on the xinc, and flfl 
isjual negative charge on the copper: the quantity is cxoeedingly smaMP 
and it requires a good instrument to exhibit it when only one eootaut is 
made; but if the operation be repeated six or eight times, t ' ' mj 
to restore tlie electric equilibrium of the metals by tonchtn<; i : Ju 
the finger after each contact, the effect is Tery distinct on drawing badM 
tlic uninsulated phito of tho condenser. If tlio sune experiment \m 
made in vacuo, or in perfectly dry hydrogen or nitrogm gas, no Elifl 
tricity whatever can l)c discovered ; hence it has been inferred that tM 
development of the small quantity of Electricity when tho pUtcs vm 
brought together in atmospheric air, is due to tho slight chemical oathfl 
of the oxygen of tho air on the zinc occasioned by its cnmpresHioa I^BH 
cop]>ur. This was not the explanation given by the iUustnooB dneN^H 
of the Voltaiu pile, who attributed it to a peculiar eleotto-motivo for^B 
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hlcli DioUls by siinplo contact tend to assume opposite electrical 
Uiia theory Ims now sumo strenuous uupporters among the 
!c«ophere^ notwittistanding the powerful nmns of evidence 
tveeo adduced against it by De la Rive, Fabroni, and particu- 
f our own iUustriuU9 oouutr^'man, Faraday. We iihall ondea- 
u the next Lcctnrc, to present an unbiassed view of both sides 
inlerostiiig philosophical question. 

) Presuming that the Electricity excited by the contact of the 

and xinc platee is traceabk* to eti£;ht chemical action, it is easy to 

tand that increase of chemical action must pve rise to increased 

Itation of the electrical force. If we take two plates of different 

metal, platinum and zinc, for example. Fig. 90, and ill, and 

tliem in pure water, touching each other, a Fia. 90. 

circle will bo formed, the water will be 

jdeGompi>8ed, its oxygen becoming Hxed on 

(the oxidable metal), and at the ^amc time 

it of Electricity will be transmitted tlirougli 

bid to the platina on tlic surface uf which 

clement of the water, namely, hydrogrn, 

ikc its appearance in the form of minute gns 

: tho electrical current passes back again 

zinc at the p<iints of its contact witli the 

and thus a continual current is kept up : and hence it ia called 

lie circle. The moment the circuit is bn>ken by separating the 

tho current ceases, but is again renewed on making tliom again 

ricr in or out of the water, as shown in the Bgurcs. 
If we now add a little 
ic acid to the water, this 
Nrill be much increased, 

in the first place, wo 

e liquid a better con- 

aod secondly, becausu 
de of kIdo is ronioved 

surface of the metal as 
it is formed, being dis- 
\y iho acid ; nnd thus a 
1 clean surface is con- 

estposcd. It cannot, 
'y be too soon impressed, 
e great increase in the 

of Kioctricity generated 

attributed solely to the 
3 f^lity afibrded for tho 
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decomposition of water, an<l has nothing whatever to do with tho forTn* 
ntion of Ful]>h(ite of zinc ; not chemical action alone, but chennivsil de- 
composition being absolutely essential to the development of current 
Electricity. The force originatea with the zinc, ]>asse:9 in the dlrrclion 
of the lower arrow (Fig. 91) to the platina, and thencu back tiirooj 
the wires B, C, to tlte zinc. This is called a simple galvanic circle. 
(236) To prove that the wire connecting the platinum and zinc pli 
is conducting a current of Klectricity, we have only to place a uicel] 
balanced magnetic needle al>ove or below it, and we sUall 6nd that 
needle will deviate from tlic magnetic meridian in obedience to Ui 
that will be described hereafter ; but, how are wo to account for 
singular appearance of hydrogen gas on the platinum ? If wu amalgamal 
tlic zinc plate, by immcr.'iing it in dilute sulphuric acid, and Husa nik^ 
bing it over with mercury, wo i»hall find that a mixtnre of one fimri of 
sulphuric acid and ten of water, will bavo no action on it tr/ti/^ n/ofM; 
the bright metallic surface will be soon Been covered with bubblofl of 
hydrogen gas, which will adhere to it with considerable force, and thus 
protect it from further action: but on establishing a metiillic communi- 
cation between the zinc and the platinum, no matter in what inannor, or 
by wliat circuitous a route, torrents of bubbles will rise from the Ultor 
metal, as if it were undergoing violent chemical action, wbilo tlio zinc 
(the metal alone undergoing change) is oxidated and diBsolved tnui- 
quiUy and without any visible commotion. It is evident that wc 
cannot explain this singular phenomenon on chemical grounds alon« : 
but wo must consider the transforeuco of the hydrogen tu take place by 
tlic propagation of a decomposition through a chain of particles extend- 
ing from the zinc to the platinum, as in Fig. 92, in which, for tbe 
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of simplicity, the exciting liqnid 
supposed to bo hydrochloric acid: 
the metallic communication is 
blisbcd between the pUtes, that portii 
of liydrocbh>ric acid in contact with 
zinc, undergoes decomposition, its ch] 
rinc combining with the metal, and 
hydrogen displacing and conil 
with the chlorine of the second 
cle, the hydrogen of which combines with the chlorine uf the third« 
so on, till the platinum plate is reached, against which thi' hydrogen 
tiie Uat particle of decomposed hydrooblorio acid i» «vo1v«d id a gasMMtl 
form, because it can find no particle of cldoriuo to puinbino with, 
because it cannot enter into chemical union with the platinum. Thi 
changes and interchanges are prt^cisely similar when dilute sulphuric 

employed, substituting oxygtm and hydrogen (from dr-: ■' -— 

chlorine and hydrogen ; for, as we have already a. ^i 
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tian of GTtilpliato of zinc haa nothing to do with the hnsineas, it being to 
the drcotn position of water that the effects arc to be ascribed. 

(237) Now there is nothing in the appearance uf the liquid between 
the pUtea, which would indicate the transfer of the disunited elements 
above alluded to ; and the vessel which contains the acid may bo di- 
^ded by a diaj>hf3gm of bladder or porous earthenware, and the plates 
phtccd on each side of it without interfering mucli with the genorat 
Mrault. Tlie force must be conceived to travel by a species of conviction^ 
pud Mr. Daniell has offered the following illustration, to assist us in 
forming a first notion :• — 

^'Whcre a number of ivory balls are freely suspended in a row, so as 
Just to touch one another, if an impulse be given to one of the extreme 
OTicc, by striking it with a hard substance, the force will be communi- 
^tcd from bfill to ball witliout disturbing them, till it reaches tlio more 
di5tant, which will fly o& under its full influence. Such analogies are 
but remote, and inu»t nut be strained too far : but thus wo may con- 
ceive that the force of affinity receives an impulse in a certain direction, 
which enables the hydrogen of the 6r»t particle of water, which under- 
goes dccr>m]>osition, to combine momentarily yf\i\\ the oxygen of the 
next particle in suecessiuu : the hydrogen of this again with the oxygen 
of the next : and so on, till the last particle of hydrogen communicates 
the impulse to the platinum, and escapes in its own elastic form." 

(238) But it is not iu the exciting litpiid alone, that this remarkable 
'er uf elements takes place; the same power is propagated through 

wire whicli connects the platinum and zinc plates together. To prove 
Uiis, let the wire be divided in the middle, and having attached to each 
d a long slip of ]ilatiDuni foil, let each be tmnicrsed in a glass jar con- 
ining hydriudic acid : in a few seconds iodine will appear on that 
slip of foil which ts in connection with the platinum plate and hydrogen 
|{as on the other ; so that supposing a decomposing force to have origi- 
IXJited in the zinc plate, and circulated through the exciting acid in the 
jar to the platinum, and onwards through the wires and the hydriodio 
»cid buck to the zinc : then the hydrogen of the hydriodic acid fol- 
lowed the same course, and discliarged itself against the slip of platinum 
foil in communication with the zinc. 

(23d) It does not require two metals to form a galvanic circle, or 
PTen two different liquids, if other conditions arc attended to. A current 
ii established when a zinc plate is cemented into a box and acted upon 
Im one side by diluted acid, and on the other by solution of common 
salt : or, by acting on both sides by the same acid, one surface being 
xough and the other smooth, a commnnication being of course cstab- 
Vshed between the two celts. Common zinc oBords a good illustration 
%4 B simphi galvanic circio : this metal usually contains about one per 
r * Slv hU IntrrxltirtJou to Chfsuical PhiLo»op\\Y » V ^^^- 




U9 



VOLTAIC ELErTHICirr. 



ccitt. of iron inocUanically diffused over iU surface. On imtiicraon tiitf) 
diluted si]lphanc acid, thcae small jtariiGles uf iroa aod zinc fonu nuiiw 
ruu9 voltaic circles^ transmitting tlio current through tbo acid tlxat 
moistens them, and liberating a large (juantity of hydrogen gAs. 

(240) An important fact, of wliich a beautiful practical appUcatiim 
was attempted by Davy, was early observed : — In proportion as Uie 
contact of two metals in an acid or saline Bobition increases the v" 

of one of them, for one element of the solution, it diminishes the 1; 
of the other metal to undergo change. Tliua when zinc and copper ara 
united in diluted aoid, t)ie zinc is acted upon more and the copper Um 
than if they were immersetl separately. A sheet of copper undeij^oes 
rapid corrosion in sea-water, the green oxy-chlotide being formed ; bat 
if it bo B6»ociated with another metal mure cleciropotUive ibaa ibdJ^ 
such aa nuc, it is preserved, and the zinc undergoes ft efaemioft] ohftngib 
Davy found that tlic quantity of zinc rcc|uisitc to effect a coinpleto 
preservation of the copper, was proportionably very Hiuall. A COiaO 
round nail will preserve forty or fifty squan inches, wberaw it may 
be placed ; and ho found that with several pit^cosof copper connected by 
filftmenta the fortieth of an inch in diameter, the effect was the same. 
Sheets of copper protected by ^ and -j^^ part of their surface of zinc, 
malleable, and cast-iron were exposed during many weeks to the flow 
of the tide in Furtsmouth harbour, their weight, both before and ofkcr 
the experiment, being carefnlly noted. When the metallic protector 
was from -^ to jj-^^, there woe no corrosion or decay of the ooppcv ; 
with •^\^ to ^J^ there was a loss of weight: but even ynVg pMioC 
cast-iron saved a portion of the copper. Davy hoped to apply ihia 
principle to tbo preservation of the copper sheathing of ships ; bni 
unluckily it was found Uiat unless a certain degree of corrosion taltv 
.place in the copper, its surface becomes foul from the adheaioD of mm 
reeds and shell-fish. The oxy-chhiride, formed when the sheatbitiK is 
unprotected, acts probably as a poison to these plants and auimols^ uid 
Uins preserves the copper fne from foreign bodies, by which tho soilng 
of the vessel is niateriuily retarded. 

(241) There are many modifications of the simple galvanic circle ; a 
very useful one is the cylindrical battery, Fig. t^d, which consists of ■* 
double cylinder of copper closed at the p.^ 33 
bottom to contain the acid, and a . _^ 
similar but smaller cylinder of zinc, _ _ ^ ^ 7 



which is kept from touching the sides 
of t)ie copper, by pieces of cork ; both 
are fwnislied with wires terminated 
by caps to contain roorcury fur the 
cunrenicnce of making and breaking 
the circuit. The •ju:intity of Kicctrtciiy M)t in moticiQ bjr tltese %xm[ 
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when 00 a large aralo, is very great, thoUjQrh Uio intensity is very 
No pliy^iolopcal t-ffyts are oxjwxicncctl wlieu tlit- body is incliideci 
dreottt Dor is venter decomposed ; thoir heating powers aTL% how- 
m grau, tluU ihfy v^ere callod by Di. Hare calortmotors. An 
ti on a very cxtcnaivo scale, was made at the RoyaJ Insti- 
nnder the direction of ^Ir. Pepys. A sheet of aioc, and one of 
r, were coiled round ciich other, each being sixty feet lon^, and 
feet vido: they were kept asunder by the intcrvcntbn of htur 
and iiuspendcd over a tub of acid, so tliat by a pulley they could 
W iffliacrfed aud removed. About fifty gallous of dihito acid were 
Mfond to charge this battery, and when it is stated that a piece of 
flttinin H'tro may bo heated to redness by a pair of pl.ite««, only four 
IUm toog. and two broad, the calorific power of sucli an arrangement 
■aUitf above, may be imagined to have been iinmen^. Tlic energy of 
■ tWaiuipIe circle depends on tlio size of the plates, the intensity of the 
[teimucal action on the oxidabtc metal, tiic rapidity of its oxidation, and 
speedy removal of the oxide. 
(242) In order to increase the inteiuUy of the electrical current, 
a view to the exhibition of its chemical and physiological effects, wo 
Ibe numb&r of the plates ; an arrangoment of this Bort is called 
•^umd voltaic circle: it has been stated (227) to have been the 
irvBUon of Volta, and hence is called the voltaic pile. Now, the 
iiy of Electricity obtained from the voltaic pile, is no greater than 
a single pair of plates, it is its Uu«wn alone that is increased ; 
)rt4iit fact which will be clearly understood when we have given 
aoccrunt of the important labours of Faraday. 
{2id) The original instrument of Volta is Fia. D4. 

in Fig. 94. It consists of a series of 
Ltor and zinc plates^ arranged one above 
r, with mobtened flannel or pasteboard 
each pair. A scries of thirty or forty 
ions of plate^^ four inches square, will 
cakue the gold leaf electroscope to diverge : the 
end with positive, and the silver end 
[|h DCf^aiivc Klectricity ,- a shock will also be 
on touching the extreme plates with the 
(r, when moistened with water. Tins lat- 

eflect id much increased when the flannel or pasteboard is moistened 
with tali and water; in this case a small spark will be seen on bringing 
eitretiio wires into contact, and water will he decomposed : from 
wc leom that the increodc of chemical action, by the addition of the 
materittUy increaaee the quaniift/ of Electricity s*et iu motion ; but 
pile will not in ouy scnaiblo manner iucrvasu the divcrgi^nce of the 
leaves, — its intensity therefore, is not mfttcrially auginvnte<l. 




ent. of iron inochanicAlly difitised over ite sutfiuo. 
liluted sulphuric ncid» the»e snuill pattioles of biMi 
pua voltaic circles, transmitting the currvni '.'. 
poistens them, uui liberatiDg a large quauitil> .4 
I (240) An important &ct, of -which a boandfol 
|rii8 attempted by Davy, was early ob^rr\ . ' 
Dotact of two metals tn an acid or saline - 
f one uf thoni, for one element of tlic tKilution. 
t the other metal to nndergo change. Tliun 
nitcd in diluted acid, the zinc id acted upon 
bftn if they wore immersed scporatt'ly. A ■ 
Ipid corrosion in sea-water, the green oxy r' 
r it bo associated with another metal m 
Bch as zinc, it ia preserved, and the zinc m 
)aTy found tliat tlie quantity of xinc r 
reservation of tho copper, was jiroport- 
jund nail will preserve forty or fifty ^t. 
e placed ; and lie found that with seven' 
laments the fortieth of an ldcH in dia^ 
beets of copper protected by ^*g an<! 
lalleable, and caot-iron were expose . 
r the tide in Portsmoutli barbonx, t^ 
16 experiment, being carefully nul^ 




t&a from Jg to -j^-^, there was no 
riih ^go to -jlji there wad a loas 
ist-iron saved a portion of the •: 
rinciplo to the preser ration uf ll 
Dluckily it was found that im! 
loco in tlie copper, its surt'acL 
rocdB and shell- fish. The oxy 
Dprotecied, acts probably :. 
loa pteacrves tlio copper i . 
ttho vessi'l Is materially : 

(241) There are many i 
Vty useful one h the eyl 
mihlo cylinder of copper 
pttom to contain tlio a 
Ibiilar but Bmullcr cyliii-: 

lich is kept from t' i 
^tiw copper, by pic. 
lod witb ' 

to COUtr! 

100 uf II: . 

lit. Tho (pi 



- charge from this 
» card. It did 
. .■.'n]j)0UDd8 tingcni wf^ 
„«• vu cliangc, even wll ^^ 

electric column, it-*' 



iriion : in the eenttt^^ 



04il stAtca ; and if o<^ 

< tricity of the opiMn***' 
i^xtremity in ; 

iihcr or gold exu - 

M may be proved b*^ 

< .|ii<im on tb« cafMi^' 

n-n in Fig. 95, 
Vr-^rc vrith oppotit^^ 
V otimmixnicvtioi^^ 
L«viM!Q the instiD 
wirv the div"-_" T 
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(S+i) An electric pile was constructed by Dc Liic, from whicli mncb 
useful infonuation respecting tlio direction of the electric cttrrmt b 
these cases of excitation may be derived. Tliis in»tninient consists of » 
number of alternationa of two metaUf with paper interposed : tlur 
elementa may be circular discs of thin paper coverod on one side with 
gold or silver leaf about an inch in diameter, and similar-sized pieec« of 
thin zinc foil, so arranged that the order of guccesbiun sbaU be proepcrrod 
throughout, viz. zinc, silver, paper, aanc, silver, paper, &c. About five 
hundred pair^ of sucli disc?, enclosed in a pcrft^ctly dry glass tube, tflT- 
minated at each end with a bra:is cap and screw to press the plates 
tight together, will produce an active cohimn. The late intelligent 
electrician, ^Ir. Singer, constructed a t/n/ piU on a mnch more eztensivs 
■calc. It consisted of twenty thousand series of ^Iver, zinc, and douUl 
discs of writing paj>er : it was capable of diverging with ball clcctRK 
scopes, and by connecting one extremity of the series with a Gnu iron 
wire, and bringing the end of this near the other extremity, a alight 
layer of varnish Iwing interposed, a tute<won of hritjfu f/ntrAs ctm/J it 
prodisce'i^ especially when the point of the wire was drawn lightly owr 
the surface. A very thin glass jar containing fifty square inches nt 
coated surface, charged by ten minutes* contact with the column, had 
power to fuse one inch of platina wire, -^jfnj; of an inch in diameter. 
It gave a disagreeable shock, felt distinctly in the elbows and shoulders, 
and by some individuals across the breast. The charge from tlii^ jsf 
would perforate thick drawing-paper, but not a card. It did not 
possess the slightest chemical action, for saline compounds tinged with 
the most delicate vegetable colours underwent no change^ even when 
exposed for some days to its action. 

(245) On examining the electrical state of the electric column, it ia 
found to resemble that of a conductor under induction : in the eeutre it 
is neutral^ but the ends are in opposite electrical states ; and tf one 
extremity be connected with the earth, the Electricity of tho opposite 
end becomes proportionally increased : the zinc extn.'mity is ^>an/rW, 
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and the silver or gold exlRmtijr 
nt^aiive : as may be prove<i by 
laying the column on the caps of 
two gold leaf elcctroftcopos in tlie 
munnur shewn in Fig. 95, tbs 
leaves will diverge with opposita 
Electricities: if a comtnunicntion 
be made between the instrummli 
by a metallic wire the diverjroDve 
of tho Ibatcb will C'?> ' niU 
again be renewed win i iq- 
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don 5s broken. It is l>etter to employ, in Uicgp cxperimcnls, an 

tecopc in whicU the gold leaves oro suspended dngly as slicwn in 

>6, and so arranged as to admit of tlieir 

lirouglit nearer to or carried Further from 

ftlirr. If In such an instrument tlio leaves 

Ijufited at a proper dist^nco &om each 
and the wire from -which one ia sus- 

d conneeted with the zinc end, and tlic 

Srom which the other is suspended con- 
with the silver end of the column, a 

)f perpetual motion will bo kept up bc- 

i the leaves ; for, being oppositely excited, 

irill Attract each other; and having by contact neutralized each 

I they will separate for a moment, and again attract and separate 
^)re. If both silver ends, or both zdnc ends of two columns arc 
Elected with the two gold leaves a continued repulsion will be kept 
between the leaves, they being then similarly electrified. 
246) A variety of amusing experiments have been devised, depend- 
upon this curious property of De Luc's column. Thus n small 
iper may be kept constantly vibrating between two bells. This was 

Etrivance of Mr. Forster, who constructed a series of fifteen hun- 
oups, and by its continued action kept up the vibrations of the 
lolam for a very long time. With twelve Imndred groups, arranged 
Mr. Singer, a perpetual ringing during fourteen months was kept 
■We are informed by Mr. Singer, that De Luc had a pendulum 
Kk constantly vibrated between two bells for more than two years, 
venieut modification of De Luc's culuuui was contrived by Zam- 
hf pasting on one side of a sheet of paper finely laminated zinc, 
vering the other side with finely powdered black oxide of man- 
On cutting discs out of this prepared paper, and piling them 
each other to the number of 1000, taking care to press them 
, a little pile is obtained, capable of diverging the gold leaves of 
rometer to the extent of half an inch. Air. Gassiot describes* 
Dgemcnt which he has constructed, consisting of a scries of 
of Zamboni's piles. With this arrangement, ho charged a 
battery to a considerahio degree of intensity, and obtained 
sparks of ^ of an inch in length. IIo ultimately suececded in 
ig chemical decomposition of a solution of iodide of potassium, 
appearing at the end composed of the black oxide of 




247) Philosophers ore divided in opinion respecting the aoarco of 
charge of the " column," some supposing it due to the con- 
* In • paper read before the Rnynl Society, Dec. 19, 1839. 
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niL-Dt 09 xfcW as all ihe ullicn here deocrlM, with iho full power of lb 
wboln battery of 'iiOO paiirs. 

The It^it betfftvn cluirco&l pointi, even with the whole Mriea, W 
ferhle, tliero U uo flamtf or ctcQ approach to it : the conducting powa 
of t)ic water n£v<l iu the celL^ being iziAde(|uate to tranKintt a sufficunt 
canvDt to produce ^^at light and heat, even supposing 8ucb rurtmt to 
hftT© been excited. Mr. Ctoase lia^ howeTcr, awater battery, consifltiD| 
of eighty paurs of very large cylindeis, which givea rory brilliaiit ftpswVi 
Iwtwrea two points of charcoal when nibbed together. 

(250) When the opposite polea oC Ihe 2400 pairs are connected rtiil 
the inner and outer coatings of tlie large electrical battery, containing 
73 feet of s«r£lOQ» a continual charge is kept up, each discharge being 
attended with a loud nport^ heard at a coosiderablo distance. £acli cf 
tiicae diacharg«8 will pietoe stout Icttcr-paper, and fuse a oonmbtahls 
length of silrer leaf, which it deBagratcs most brilUiuitly, attended wiA 
loud snappiuga of light, mure than a quarter of an indi iu lea, 
Platinum wire is fused at the extremity, and the point of a pen-knife 
flooa decuulishcd. light sabataaoei are attracted a distance of 
uieliM and ropeUed again : the phynolagical eflects would undo 
be exceedingly nokmt. I hare miy bowever, heard that any pcraoa 
yet ventured to cocpeficaoe then. 

(SJl) Tf> avoid the trooUe ol" luiog this huge eleetrwal battery, 
Ckona w i tmUad one of mica, and haTiB^ Biyaelf OHile one with 
IttUe modification, and om a aooMwhat big«r aeale thaa bars 
I can wcconafd it aa beiag a bimI wwlhl aad iBstmetare piM* 
ibmtiiial apparatus. It it nada n the faOawiag minner : — Se 
platai ol thin mka, aaeb fiva iDobea by few, are eeatcd ea bcitb 
to withia batf an iacb of tba ad|St wilbiiD-iDa, aad Wt mto a box liMd 
with ghMft, with a ghna plate bUwii ndi vAm ptete;. Shpe of tan-fuit 
are pasted to «a«b «da oC eadi plate «f lia-fcO, af whicb ail thoaa ooa- 
witb tha Wwat oaea ai« bcoagbt te^slbtf at the extMaiftMi 
from the pbte^ aad patted to oaa «ad of tbe inltfior of Ae 
^hax ; wbsiea, by a tia-Coil r— niwiilmiiM. a onaaectioa ia made with 
a boM alan, memnd to tba oateida of tba box. Tbia rtfueaeate wteA 
be caBad tho ooter ooatiBg of the baUeiy, aad it capped w^ a 
Tlka rwaiaiiMag auipo «f tinfoil or Iboaa <ifM » ciwi w^th ths 
«mv«Bt£Kie<af each pbte, aiv btoaxbi tofilber aft tfaaotborcnd of 
tba botx, and toroed back apaii tba tia>4oa or vppcr part 
A bfamptate, tbiaaiadMi •^aaca.ulben laid flat « 
«^u,acovorii fitted oa the box with «9V«a,aadagla« 
ibeM^ ii aad the cr — 
bciagcaftat ibetrr. 
a fdnale asn^ oal «a a cap^ 
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the lawer eail uf tlte gbiss tube witliin the oover, pressing on the btSM 
pUtc. The upper part of the steui poissea through a cap ou the top of 
Ui€ glasti tubtt, and is terminat<.'d with a broas ball, aud may be termed 
ibe ioncr coating of the Itattcry* By screwing the steai a perfect con- 
tact is made U^twetn this ball and uU the upper surfaces of the mica 
ptaiCB. Tlie two bulLs aro phiced uu tins s:inie level, and a brass wire of 
^th inch diameter passes horizon tally through the ball of the outer 
coating, cut into a screw to meet a siniiJar one passing through the 
opposite ball. These wires are fumii^hed with iine platinum points, and 
can bo brought into contact, or made to recede at plensure. A micro- 
screw may be attached. By means of holes made in the opposite 
the mica battery may be connected by wires with the opjioeite 
poles of a voltaic battery, aud the ttrikin^ dUtanc^ accurately measured 
bolween tlie points. 

The whole arrangement will be understood by inspecting Fig. 07. 
A, b a wctional view of a ilry woodi-n box, lininl with glass, containing 
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ilw pUte« of covered mica, a plate of windnw-glass being interposed 
between each. B, strips of tin-foil a quarter of on inch wide, each 
of which has one end pasted to the tin-foil ttndin' each mica 
|ifaU«, ftnd the other end brought to the bottom of the box, and so- 
cored together by paste, and attached by a conducting communication 
of mctol to the rod C C. D, similar strips having one end pastcil to 
liw tia-foil over each mica plate, and the other ends turned back on the 
Bpper part of the upper plate. E, E, a thin brass plate three inches 
•qoore, place*! horizontally on the combined ends of the strip. F, a 
glaaa tube, capped at each end, passing through the cover of the box O. 
Xbrough this tube passes a brass screw, the lower end of which prcaaes 
OB tfio brass plate E, E, the upper end bearing the brass ball H. I, 
ft tmn Imll, capping the stem C, C Both TI and I are pierced by tlie 
iKWinmlol wires K, L, placed on the same level, cut into screws; and 
hoTMiit OAoh % platinum point at one end, and a nut at tlie other. In each 
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of the npriglit stems immediately nndec the balls, 19 a hole dnUed 
rocoive the wirea of coiumunicatiou M, N. 

(352) The peculiar merits of this apparatus consist in its corn] 
ness, and ita not being liable to injury from damp. When charged to 
a certain extent the shock is BurpriBingly painful, and ta equi»»k<ni ii 
power to many superficial foet of coramuu coated glaBU. It is nut 
culatcd to be charged to a high intensity^ as in snch case the UtiB pi 
of mica would bo pierced. Connected with the water battery, the 
lowing results were obtained by Mr. Crosse: — three pairs of ei'lindets 
produce light : twenty pairs produce a stream of light ; 200 paira pro- 
duce a stream of scintillations, by drawing 6ne iron-wire orcr the 
lacqnercd knob of the mica battery : 300 pairs fire gunpowder : 500 
pairs give a smart shook to the dry hands ; 1 200 pairs give a shock o< 
easily borne, — felt across the breast and shoulders, and cause a coi 
stream of light to pass between two wires -J of an inch apart, in aaj 
exhausted glasis globe of four inches diameter, that globe being fiuollyj 
but visibly illuminated over the whole of ita interior during the ex|ien- 
ment : 1 000 pairs give a shock perfectly insupportable, which neoulj 
knocked a person down who received it. 

(253) Shortly after the above account of the performanoee of hil 
water-battery was published by Mr. Cros^e^ I constructed a sorioi 
500 pairs of cylinders, each equal to a five inch plate ; thpy 
plaoed in green glass tumblers, insulated with the greatest care, aoc 
placed in a cupboard furnislied witli fuMing doors, to keep out the di 
and to diminish evaporation. This battery, which is still in action, and] 
apparently as strong as at first, (though it has been working eight 
months) gives very powerful shocks when the terminal win* aw] 
grasped with the moistened hands, and when tlto positive wire i» hfldj 
in one hand, and the dry knuckle brought into contact with thi.' binitinj 
eerew attached to the negative, a spark is obtained, and a small hli 
is raiBod on the cuticle ; a spark is also ubtained between the kuuckl 
of two persons touching, respectively, the positive and ncgativu termi- 
nations, and bringing their knuckles into contact. This battery haa 
very sliglit decomposing power : the emission of gas from jilatinum poiobi 
in acidulated water, 18 not ao great from the whole series uf 500 as Irtrni 
]00, and from 100 not so groat as from 40 ; this is evidently oocawonod 
by the great resistance which tlio current has to enconuter from the Lad 
conducting power uf the water with which the battery is charg«>d ; %^ 
naistancc which it caimot overcome, and consotjuently by far ihafl 
greater portion of the Electricity generated is checked in ita pafliage, 
while the small quantity that passes is brought to a high state o( 
intensity. The spark obtained on bringing the cuds of the terminal 
wires into contact, is small, but brilliant, and whon the ends An 
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within the flame of a large candle the phenomena are very beautiful, the 
carbon being deposited in an arborescent form, and with great rapidity 
on the positive wire: while on the uej^ative wire it is thrown down in 
much less quantity^ though in a more compact form ; occasionally, indeed, 
Glamenta start from the latter like the quills on tlio back of a porcupine. 
I Lave seen few more beautiful experiments thun this, — it was first 
mmde, I believe, by Mr. Gassiot; the carbon on the positire wire 
Afisames the form of every variety of tree and shrub, some particles 
ttartiug up into the lengthened form of the poplar, whilst others spread 
laterally, assuming the appearance of fern : in less than a minute the 
fl»mo of the candle becomes darkened by the quantity of precipitated 
solid matter, which, as long as both wires remain in the flame, goes on 
increasing. Occasionally the carbon on the wires comes into contact, — 
when a bright spitrk is seen, and the arborescent appearance fur a 
raomont vanishes. )i\1ien tlie 5nety di vidcd carbon on the wires is brought 
into contact otU of the (lame, the spark is exceedingly brilliant, and 
four or &ve time^ as large as the spark from the clean wires, especially 
when /lot ; a snap also is heard. 

C\innectctl with the mica battery (consisting of twenty plates of mica, 
each four inches square,) 100 pairs scintillate iron wire, and giv^e a 
pretty strong shock, the whole scries gives a brilliant spark, accom- 
panied by a pretty loud snap, and a powerful shock : it also causes 
brilliant scintillations of iron-wire, deflagrates gold, silver and copper 
leaf, and explodes gunpowder : it also charges a Lcydcn battery, con- 
taining about twelve square feet of glass, sufficiently high to give 
nnpleauint shocks. 

By soldering the terminal wires to two copper plates, about two 
inches square, and Bxing them upright on a turned mahogany frame, 
tinder a glass shade, perpetual vibration of a pith ball ^ of an inch in 
diameter, suspended by a filament of silk, is kept up rapidly between 
the plates, placed \ of an inch apart. I have had the motion of the 
ball kept up unceasingly for a fortniglit and three weeks together. 

(254) By a paper recently published in the journal of the Electrical 
Society, I see that Mr. Gassiot is occupied in arranging a water battery^ 
which is to consist of 3G00 insulated copper ealU^ and that we are 
khortly to be favoured with a detailed account of its constrnction. In 
this p&per the author gives a satisfactory explanation of some curious 
phenomena connected with the polarity of the water battery ; but I 
inu>t refer my readers to the original paper for informntion on this 
int^rresting subject, having digressed already somewhat freely from the 
main subject of this lecture. I return therefore, to the historical 
deacripiion of galvanic apparatus. 

(255) It is f»sy to see that many iuconvonienccs must attach to tho 
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pile of Volta. when Uw plotei are ouinerons : m addition to Uie tronbir 
of baiMhig it up, it is frcqoentljr rendered MRBpftiatively innirtive hy the 
moi.stnro pressed oat of the lower part hy tbe weiglit of the app^r: 
heooe, tlie snbetitation of troaghs and other ftmngecnent** Tho 
most nraplc of these is the ^ Coaronne des taaaes," ^lown in Fig* 98 : 
Fio. 98. which ooniiBtB hi a row o( 

ffiDidl gUases or caps, ooo- 
tAining rery dilated vdI- 
pli uric acid, in eoeb of wliidb 
ia placed a small platis of 
copper, about two xodies 
square, and auuther aiiiiiln 
sixfd plate of zinc, not tonrb- 
ing each other, but no coo- 
stmcted that the zinc of tbel 
firet gUsB may be in metalli 
eomnmnication with the copper of the second, the zinc of the aeeonc 
with the coj)per of tlie third, and so on throughout the series. By thi»' 
onangement, when j^lnsaes arc employed, we can see what is going ou 
in each cell : and if tho zinc plate« be amalgamated (234), it will be 
observed that when the wires are connected, and cnnsofjurntly, when 
current ia passing, all the copper surfaces rapidly evolve hyilmgen g 
while the soltitiun of the innc proceeds quietly; but, that when th( 
connection between the extreme plates is brolcen. the evolution of 
ceaaes. Eighteen or twenty pair? of plates will decompose acidnlat 
water rapidly, and thirty will gire a distinct shock to the 
hands. 

(250) Anotlicr arrangement of the plates Is shown in Fig. 99, when 
they arc represented as fixed in pairs into a trongh of woAd 

Fig. 90. 
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constitutes Crulck6hank a 
auluLioD of Bulphato of 
which, as Dr. Fyfc has 
intensity of tho cl^tnc 
by dilute sulphuric ncld 



battery, 
copper ia 

shown,* 
current, as 



Tt is 

used 



very cfmveiiicnt ^hcn 
as the exciting agmt, 
inoreaaos tho otectro-choui 
comitarod with that evolffd 






in the pro|H>rtiou of sovcoty-tw^ i-* 



• U Ac E. Phil. Mug. vol xi. page I4A. 
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Fig 100. 




Pt3rt«en. An important modification waa that ariggestod by the late 
Dr. liobington, and shown 
in Fig. 100.: Uie plates of 
rapper and zinc, uaunlly 
;tlj(>i]t four inches eqnaie, 
are nnitcd together in pairs 
»y soldering at one point 
ily ; tho trough in whicti 
liey are immersed is made 
earthenware, and divided 
ito 10 or 12 equal por- 
Thc plates are at* 
:bed to a strip of wood, 
Mid do arrangtjd that each 
kir shall encloi^c a partition 

'tweru them : by this means the whole set may be lifted at onco into 
Of out of the cells ; and tims, while the fluid remains in the trough, the 
•ction of the plates may be suspended at pleasure, and when corrodet], 
easily replaced. Tlie piece of wood to which tlie plates are attached 
abould bo well dried, and then varnished, in order to render it a non- 
nductor of Electricity. When several of these troughs are to be 
tt«d together, it is necessary to be cautious in their arrangement, as a 
trough renerted will very materially diminish the general effect, 
must also be taken to insure perfect communication between tho 
aevcral plates. A battery of two thousand double plates, on this plan, 
w»B constructed several years ago for the Royal Institution ; the sur- 
face was one hundred and twenty*eight thousand square inches, and 
its power immense. 

(257) A great improvement in the construction of voltaic batteries 
waa made by Dr. Wol- pjg. joi. 

la«ton,in 1815. It con- i_ ^ % 

ofted in doubling tho 
copper-plate, so as to 
oppoM it to both surfaces 
of tho sine, as shown 
10 Fig. 101. vl, repre- 
sents the bar of wood to 
which tho plates are 
»crewed; By li^ B the 
plate? connected with 
»c copper plates C, C\ 
which aro doubled over 



^^Bondu 



Zinc 



plati.' 



Contact 



tbr surfaces is 



pre- 



/ 


■ ^' \ 


Tr 


'/ 

! i 


'H/ 

/ 


"s^BB^aai ^. 


Cl : 


(r 


1 \ 

i ■ 3 


} 


n P^HMj 


m 


V 


1 


/ 



rented by pieces of wood or cork placed between them. Tco or twel^r 
trougbif, on this constnicttoD, fonn a very efficient voltaic battery. It ap- 
pears, from tlie expcrimcnU of Mr. Christoplicr Binks, detailed in tb« 
L. & E. Phil. Mag. for July, 1837. that a still fiirtber ratteosion of the 
copper woiiltl be attended with a conHidcrable increase of power. !!• 
remarks that whatever may be the care taken to procure two plates vf 
zinc of an unifurm size and thicknese, and huwever alike tho attendant 
circumstances may be, no two couples will be found to give the sun*; 
results in the same time when associated with corresponding copptrj 
platetf, and acted on by acids in the usual way. "U'liile one plat« will 
lose perliaps ten grains ; another, apparently similar, wlH loae five or 
six grains ; and another, fifteen or sixteen in the same time : these dif- 
ferences ho finds to be independent of accidental diiferences in the dia- 
tances of the plates from one another: zinc plates he also finds to low 
less tlio first time of immersion than during the second and thifd. 

(268) In the London and Edinburgh Phil. Mag. vol. x. p. 244, a 
battery in wliich sulphate of copper is the exciting agvtit, ia described 
by Mr. Dc la Rue. Tlie author remarks, " That if sulphate of coffper 
bo used in charging a battery instead of acid, oxygen is 8up[ilied to the 
nno by the oxide of copper, no evolution of gas therefore takes plao^ 
except the small quantity attributable to lo<3il action ; and tiie action 
18 thus rendered continuous, the effect l>eing fully crjual to that mo> 

mentarily produced by immer- 1 
sion in acids."* Experimcnta 
may also be conducted with 
batteries thus diarged, which 
cannot be exhibited at all 
with the same arrangt*monti 
excited by acids, the muii>CT)l- 
ary power being cxhaiistoil be- 
fore the battery can possibly 
bo brought into action. Fig. 
102. represents a form of bat- 
tery niggestcd by Mr. De la 
Rue as well adaptctl to tba 
use of sulpliato of coj>pcr. It is more economical than any in uso at UmJ 

' When a battery U ttrst Immcncd into an add csctting s^mt, ftnall wlra 
placed between lU polos will be {{ucnitcfl ; but thi« licatiug power runtinoM for 
very short space of time: and If tlie battery be ImmcrscO without ronneettag 
polri. and allowed to remain for a few uinutes, and tbR connection then madr wt 
tlie Baiiie U-nj^Oi of the iatne wire, oo IgntUon wUutvver I* produced. Tl:!a ipr-t^ly , 
dltniriMtinD, in thn quantity of Electricity rendtii¥il av&UaltIo, Is C'k. Mr* 

Dt la RuC| to bv occasioned by a large portion being annulletl or cu' ^ 
hydrogan gaa. 
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Fig. 103. 
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of its invention; beeidoe possessing the advantage of the zinc plates 
ng easily replaced wlien worn out. Fig. 103, 
the zinc plate, the top part at a being 
prior to iho amalgnniation of the plate, 
are two Blips of wood grooved out to within 
fuurtha of an inch of the bottom, and iu- i 
to retain the zinc- plate in its proper poti- 
copper plates arc fttrmed into cells, as 
in Fig. I04-. five inches square, and 
Oho inch wide. i>\ K are two ears of cop- 
per, by which the cell ia suspended in its 
place. ^,18 a slip of copper, to form a 
ocmnection, by nieana of wider, to the zinc /\ 

plate in the adjoining coll. The cells are ^ fcj 
I painted on the outside to protect them from 
H^ action of the acid, and are supported on 
^^ong wooden frame, .'vnd retained in their 
I place by tacks driven through them, aa re- 
I pnaCTitc<l in the figure. Fig. 105, represents a con- 
trivance, by which the charge may be renewed while 
the battery is in action ; at the top of each coll may 
placed a lip or Ppuui, Z, a quarter of an inch 
>, which mnst overhang a wooden gutter nmning 
length of the frame. The solution may be re- 
by a funnel having a long neck, which must 
nearly to the bottom of the cell. When 
solution is poured in, the spent liquor will x\\n 
of the lip into the gutter. Immediately after a series of experi- 
lia, the batteries should lie emptied, and the plates well cleaned by 
lining water between the cells. If this be not immc<liately attended 
rtO» it will be exceedingly difficult to remove the deposit from the cells, 
lickahank battery is best cleaned by laying it on itn si<lc. 
!5y) Tlie arrangement shown in Fig. I OR ia that of Professor ITnro 
Philadelphia. It combijies the advantages of the OJinpound trough 
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of pbttt, «ad of ft cApacitf 

to Uie oUkv leagtbwiM, cilgt 

rf t^ «■■ an -vortioU, tluiao af lb« 

^ tUft is, th&t hj a (lattial 

{nTbtfl which <np|ior1 

l» is OMB tioogh tuust flow tal4 

fl»w back agiin. Tbe 

m «■• af ika tmi^gtif^ aad the acid in tU 

Uh! pUteft oMy aU Im 

te tin aol ar immtiA ftom it. The {mtvIi 

leea liaUo to <Nd£a»* 

mtdt l«twvcti Um caatiog of ibt 

I« IB All to pitxlacf a 

r, it is only 

tm a fcvot of cac^ tMvm^ to ivrolve on oae of tbe two csda of A 

(to wUcb an aoUaci the Tieei ar iptiiig foroep* far 
ihm —W i Bwa to be fTfinwri to the daiegniii^ ix^wv,) oue 
cbA of cadb v enliJawJ to a |»ieo* af riieei copper. Tbe pMcea of capper 
Aaa ■bM m b A to tbe leaiAflB re4a aie tbea to be pleoed MDder tbe pirotx. 
wbocb are, of onoa^ to be aaHMotad vitk tbe tanuaatioo of tbe serin; 
tbe lait iiuatiiiaul r unw i tiria k mapuii ei t iy laade by means of etiajw 
of copper eerenllj eoUeiad to tbe ptTota and tbe polee of tlie eeiitt. 
and lORwed tagetber by a baai-viee. Eadi pair cooaiiU af a aoppv 
and ancphle^ t Mend tugitlwr at tbe upper cd^ wbcn tbo eopperk 
Boade to cmbnoe tbe edge of tbe smc Tbe tbree rcmaiiimg edges ace 
made to enter a groove in tbe wood, being seatmi tbcrain by annent. 
For each inch in tbe lengtb of tbe trongb tbcie are tbree pain, la the 
eniea lepieeeuted in Fig. 106, tbm axe eeron hundred pairr of 
inches by tbree, tod io thai 
ttliown in Fig. 107, one 
hundred psin of foartocn 
inchce by eight. Tlie lat- 
ter will deflagrate wires too 
large to be ignited by the 
furmer, but is Ictss powerful 
in prodacing a jot of flame 
Ijotwoen two charcoal points, 
(»r ID gtvinj; u uluKik. Dr. 
1 1nrc oxliibiti*d two of tlicsc 

holtcricB at the meeting uf tho Bi * n at Bristul in 1. 

hfir pottor wa* very ^cat in pi- , , ,r siw. 
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(200) A modification of Dr. Hare's battery is described by Mr. J. 
Yoqnp^ cliemical assisUnt in tlie Andcraonian University.* It pos- 
sesses a1] tlie advaDtages of appruxituation of tlio plates, and the com- 
pnctnc9S of Dr. Hare's battery ; and an eipml ett'cct is produced with 
^/ Uio quantity of sheet copper, which arises from both sides of the 
copper plates being presented to stirfaces of zinc. 

The shoct copper and sheet zinc to Fiu, 105, 

bo Tided are first cut into long ribbons, 
of tho breadtli which it is intended to 

^^Hto tho plates. Suppose tlic ribbons 

HBnro inches broad : both the copper 

r and zinc ribbons are then divided into 

r ' li*? of five inches, and a portion 

[ ut as in Fig. I US. Tho slip is thus divided into two 

squares of two inches each, which are connected at A, and 
a piece is left projecting at B, Tlie xinc and copper sheets 
ajr cut up exactly in the same way. Fig. 109 represents 
thrrofore either a single zinc or a single copper plate. The 
plate is then bent at a, and presents the appearance repre- 
sented in the figure. 

In Fig, 1 10 we have two plates, one of copper, f, and the NK 

other of zinc, z^ which are exactly alike in construction, fta, 110 
but placed differently, as shown in tho figure. The thin 
projecting parts, 5, Fig. 108, are soldered together, and 
tins is tiie only metallic communication between thcift 
that ia allowed to exist. Fig. 1 1 0, therefore, is only 
one copper and one zinc plate, or it is one pair of plates. 
Each pair is made up in the same way. In arranging V^ 
m number of pairs to form a battery, thc?y are interlaced, 
00 tliat a copper square eomes in between each couple of zinc squares, 
ftad a jtinc square between oach couple of copper squares. It ia easy to 
8R how tliis arrangement can be made, when tho plates are in the hand, 
thoagh it ifl difficult to describe it. At Fio. 111. 

the positive end of the battery there is a 
gle copper plalc, which ia soldered at 
top to tho last double copper plate, 
■c seen m Fig. Ill, which figure repre- 
«nt« three pair? properly arranged, and 
also tho rnaooor in which tlicy should be r. 
6tt«d up, and kept steadily apart in a 
wooden frame. This frame consists of 
two cro&a bars, k e, e e, in front, and tho 

• uuE. run. Moi;. vol. K, p. lis. 
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same behmtl, dovo-tAiled into solid emls. Tlie cliannf-U in the crt>« 
for tl»e reception of the edges of the plates, arc formed by pUtcing 
cntfis bare together, and sawing a little way into one sidfl of Umhii all, 
every eighth of an inch or so in tlieir length, so fts to form ft set of 
parallel grooves. We have by means of this firaine % much greater 
security that no metAllic contact will occur betwoca oontigiiotus platen 
than when they are separated by wedges of cork, as in Dr. Hare's con- 
struction, which may slip out. 

The frame and plates are intnjdaci'd into a trough, which may be oT] 
wood or stoneware, containing the exciting liquor. Dr. llarc's revolv-j 
ing arrangement of the two connected troughs, may be adopted for thi 
battery, although the inventor has been led to giro a prrfercncc in* 
practice to a single trough to contain the frame. To the soliil end* ol 
the frame are attached two cords, which are fixed to two pnlleys, on 
which they are wound up on turning a winch, as represented in Fig. 
Fio. 112. 112, by whidi means the frame and bat' 

tery can be raised out of the liquid. If 
the axis on which these pulleys are fixsd 
can be moved a little backwards and f 
wards on its bearings, it is easy, by meant 
of a little projecting peg at P, which fits 
into a hole in the side of the pulley, to fi 
and support the frame in a position above the trough, and out of the 
excitijig fluid, when that is desirable. But the form of the trou^ to 
contain the frame and plates may be varied according to the objoet in 
vie\v, or to tlie puq>oses to which the battery is to be applied. 

(261) In comparing a battery of the form here described, cither wi 
Dr. Hare's, or with any of the other forms in use, it is to be remsm- 
l>ered that the plates or elements of the battery are all of double the 
uze they a]>pcar to be ; or that in this construction Mre have half ths 
number of pairs, but each of double the Uinicusioos of a pair in any 
the old batteries having the same appearance. 

A small battery of tliis construction, containing twelve pairs of iwo 
inches breadth of plates, (the size which wo liave tnken above as 
example,) may be contained in a trough i^ight inches in length, 
^11 evolve, when its terminal wires are soldered to a Faraday's v 
electrometer, (an instrument to bo described in the next Ivecture,) 
or seven cubic inches of oxygen and hydrogen gases mixed, in three 
four nunutes, with a charge of half an ounce of sulphuric acid and ha 
an ounce of nitric acid, in twenty-four ounces of water, flnid i 
and is therefore amply suHicieut to demonstrate the dcvom]" 
water on a considerable scale. 

It is proper to use tlio thickest sheet rinc which can be liad, in tlii 
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jl^OllKnictiuit of the pliitesi, nlthougb the tluQDOst stieot copp«r will sitf- 
fiei^ from its being so well supported. When the zinc plates are worn 
out, the cross bare may pjLgily be pulled out of tlio solid (md.% anil the 
dements of the battery separated. New zinc plates being soldered to 
the old copper, the wtiolc may be again quickly re-arranged in tlie old 

I (262) Bnt a far more useful voltaic arrangement than any that lias yet 
^een described, is that of Professor Daitiell : it is called the *^'' cimjitant 
hatiery^* from the regularity and duration of ita action, which renders 
it applicable to the determination of many important quoationa, which 
hare hitherto been perplexed with the variable conditions of the voltaic 
current. 

In a series of papers in the Philosopincal Transactions for 1836, 
the author de^ribes these batteries, and the circntnstanccs which 
led to their adoption. It has been remarked in the former part of this 
lecture, that the evolution of hydrogen gaa from the negative metallic 
surface in the common galvanic battery, greatly interferes with the 
derrlopnient of amtlahU electricity, for, tliat a considerable portion of 
the electricity that is actually generated, is probably spent in giving a 
gjUDoua form to the hydrogen of the decomposed water. But besides 
this, Mr. Danli'Il found that not only were the oxides of copper and 
BTOO reduced by the ntuceut hydrogen, at the moment of its for- 
toation, when salts of these metals were purposely dissolved in the 
fluid of the cells of the battery ; but the oxide of xinc it.'^If formed 
at the gimeraling plates, tca^ reducM at the conducting plates, which 
liecame ultiniately so incnisted with metallic zinc, as entirely to destroy 
the circulating force. The variations and progressive decline of the 
power of the ordinary voltaio battery are thus accounted for, since 
the transfer of the electro- positive roetal must eventually cause two 
sine surfaces to become opposed to each other, the use therefore of tha • 
nitric acid in the battery charge is to remove the hydrogen by combina- 
tion. Since, therefore, the hydrogen has a two-fold injurious tendency, 
its absence altogether becomes a desirable object to etfcct. In the 
tfttttty constructed by Mr. Warren Do la Rue, this is done by the 
employment of sulphate of copper as the exciting agent, and in the 
ftmngement of Professor Daniolt, thu same is accomplished, but under 
circumstances rather different, as will presently appear. 

(263) Fig. 113 represents a section of one of the cells of Daniell's 
original ** sustaining *' or " constant" battery ; a h c d \%^ cylinder of 
copper, six inches high and three and a half inches wide ; it is open 
at Uie top a £, hut closed at the bottom, except a collar e /, ono inch 
and ft half wide, intended for the reception of a cork, into which a 
I glaae lyphon tube g h ij k^ is fitted. On the top a 6, a copper collar, 





Flu. 113. coiTMpoadiiig wiUi Uat 

torn, re«to by two 
Provioualy to fixing (he eofk ijpfaaa 
tub« io lU pUce^ a meoibnaow tnht, 
formed of port of tbo goUtl of W «9^ 
U drawn through tho tower coQiri 
and fastened with twin« to Um nppn*, 
/ m no, aitd when tigbUy 6jud hf 
the cork below, forming ao utctaal 
cavity to the cell communicAtanig U» 
the syphon tnl>c, in such • way, m 
that when 611ed with any liquid to 
the level m o, any addition causea it 
tu Buw out at the aperturo L. In 
state, for any number of dropa 
to ftiil into the top of the canty^ 
equal number arc ditwharged from tlie bottom «, at the top of tho diw rod. 
VariouH connections of the copper and ziuc of the difturmt ccUa, may b« 
made by means of wires proceoding from one to the other. In tbeoon- 
etruction of this battery, Mr. Daniell has availed himself of th<i powsff 
of reducing the surface of the generating plate:* to a mininsum. Tba 
effective surface of one of the amalgamated zinc rods, being 
ten square inchea, whilst the internal siirfaee of tho copper »■ 
which it is opposed, is nearly seventy-two inches. His princif 
wore to remove out of the circuit the oxide of zinc, whicli has be 
proved to bo so injurious to the action of the common li ■• IJMi 

as the solution is formed, and to absorb the hydrogen c\- n tlit 

copper, without the precipitation of any suUtance that might detatiofale 
the latter. 

(2G4} The first ia completely eflfectcd by the suspension of tJie tine 
xod in the ititcrior membranous cell, into which the fresh aciduUtcA 
water is allowed slowly to drop, from a funnel auspendod over it, and 
ai>erlure of which is adjusted for the purpose; whilst the h«avi(«r ftol 
lion of the oxido is withdrawn from tlie bottom at an equal rate by tl 
syphon tube. When both the exterior and interior eaviiios of the 
were charged with the same diluted acid, and connection made bet 
the zmc and tho copper, by means of a fine platinum wire, yj^, 
inch in diameter, ho found that the wire became red liot, and ll 
wet membrane presented no obstruction io the passago of thv current. 

Th*? itccond object is obtained by charging tho exterior aiia» 
roundin;; tliu membrano^ wiili a saturattnl solution of sulphate of copji 
instead of diluted stvid : upon completing tho circuit tho cumnt 
■'ty through this solution ; no bydiogGu made itti appcaiaaco on 
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pUU8f Dot a beautiful pink coating of pure copper was 
pon it, and thus perpetually renewed its surface, 
WUcn tlie whole battery waa properly arranged and charged in tl»9 
manner, no erolution of gas took place from the generating or con- 
ducting plates, either before or aft«r the connexions were complete ; but 
when a Toltamcter was included in the circuit, its action waa found to 
t>e very energetic. It wac» also much more steady and permanent Uian 
that of the ordinary battery, but still tliere was a gradual but very blow 
decline, which Mr. DanicII traced at leugth to the weakening of the 
saiino solution, by the precipitation of the copper, and consequent 
decline of ita conducting power. 

(265) To obviate this defect, some solid sulphate of copper was sus- 
peoded in muslin bagci, M'hich just dipped below the surface of the solu- 
tion in the cylinders, which gradaally dissolving as the precipitation 
proceeded, kept it in a state of saturation,. This expedient fully 
answered the purpose, and Mr. Daniell found the current perfectly 
ateady for six hours together. Tliis arrangement he has since improved, 
by placing the salt in a perforated colander of copper, fixed to the 
copper collar. 

l*lg. 114 represents a section of this additional 
amngement. The colander with its central collar, 
rata by a dmall ledge upon the rim of the cylinder. 
TIio membrane is drawn tlirough the collar, and 
turning over its edge is fastened with twine. 
AHer thia alteration, the effective length of the 
sine rods exposed to the action of the acid, was 
found to be no more than four inches and a 
quarter. — Philonophtcal T ran tactions for 183C. 

(266) The advantages of thia battery over those 
of the ordinary construction are very great ; it ae- 
eures a total absence of any wear in the copper; 
it nqaires no nitric acid, but the substitutioo of 
IDftteriaia of great clicnpneaa, namely, sulphate of 

per, and oil of vitriol ; it enables ua to get rid 

all local action, by the facility it affords of ap- 
plying amalgamated tine, and allows the replacement of rinc rods at a 
y^y trifling oxpcnce ; it secures the total absence of any annoying 
AitDci; and, laatly, it produces a perfectly equal and steady current of 
•lectrieity for many hours together. 

With a battery of twenty cells arranged in a single series, twelve 
cubic inches of miie<l oxygen and hydrogen gases may l»e collected from 

tvoltaniettr in every five minutes of action, and when they are first 
nncctcd in pairs, and aftcrwariU. in a series of ten, the quantity 
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amounts to sevpntecn cubic inches. Eight inches of platinitm wire, y^^' 
of an inch in diamoter, may bu kept peroianeutly red hot by the A&iua 
errangcineiit, and the t^jrark bvtwceu ubiucual puintd is very Urge aud 
brilliant. 

Mr. Daniyll has even made it the source of llie purest oxygeo 
laboratory purpoyos. To tliu end be contftructed an oxy^m cr//, by 
substituting a plate of platinum fur tlio rod of zinc, encluuiog it in the 
Tuenibrauous tube, wliich is closed at the upper end by a glass tubt^ 
bent in a proper form to deliver the disengaged gas, under a recover. 
In this arrangement the hydrogen is absorbed as before, by the oxide of 
copper, but the oxygen to the amount of eighty cubic inches per hour, 
is given off from the platinum. 

(267) Fig. 115 repre^'nts a single cell of the constant 
battery, a cylindrical vessel of porous earth being substi- 
tuted for the bladder diaphragm, which proved very incon- 
venient ou account of its becoming rapidly corroded, and 
pierced by the sharp edges of the crystals of metalliu cop- 
per, deposited on the copper plate. ThcdO poruus jars 
■were, it seems, first employed by Mr. Dancer,* of Liver- 
pool, and they are now composed of the thinnest 
unglaxed biscuit ware, a most excellent material. The 
battery, shown in Kig. 115, consists of a cylinder of copper, oontuining 
a tube of biscuit ware, which has a solid rod of zinc supported In its 
centre; the cylinder is furnitihed with a perforated shelf, u]tun \\hich a 
supply of crystals of sulphate of copjior is ploced, so that the battery 
being once charged, will maintain an equal action for many hours. 

Fig. 1 1 6 represents a set of six of 
the above batteries, and Fig. 1 17 a 
sot of teu large ones, the cop]>er 
cylinders being eighteeen or twenty- 
ono inches high, with zinc rods, and 
porous earthen tubes in ]>ruportlon. 
This forms a powerful voltaic ar- 
rangement, evolving eight or ten 
cubic ioches of oxygen and hydro- 
gen gases in the voltameter per 

minute, and beating to redness twelve or fourteen inches of fiuo iron 
wire. 

A scries of thirty cells of the smaller size, six inches high, and Uine 

and a half incheft in diameter, forms a wry efficient battery for the lectUR 

table ; it heats from eighteen inches to two feel of irx>n-wlix», deOagnlM 

lucrcory uiost brilliantly, and bums metallic leaves rividly. Tho D^ nC 

* Oolding Bird's Element* of Natural Philosophy. 
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snstainiiig battery must be plentifully supplied with sulphuric acid, 
lont which the power ia but feeble. Mr. Daniel] recoinmenda a 
mixtnro of eight parts of water, and one of oil of vitriol, which Um been 
saturated with sulphate of copper, for the copper cell, the intcrual tube 
being filled with the sanio acid mixture without the copper. The 
purous cells should be well soaked in dilute sulphuric acid for an hour 
two before being used ; and after their removal from the battery they 
raid bo repeatedly rinsed, or allowed to soak for some time in warm 
itfsT^ to dissolve out all the metallic salt from their pores* If this be 
it attended to they will be soon destroyed. 

(268) It was found by Mr. Daniell,* that the action of the constant 

fcttery Is by no means proportioned to U»e surfaces of the conducting 

lispheres, but approximates to tlie simple ratio of their diameterb ; 

and hence, he concludes that the circulating force of both simple and 

mpoiind voltaic circuits increases vinth the surface of the conducting 

iies surrounding the active centres. On these principles he con- 

ilructed a constant battery, consisting of seventy cells, in a single series, 

pliich gave between cliorcoal points, 8e|.>arated to a distance of throe 

rrs of on inch, a tiamo of considerable volume, forming a con- 

luous arch, and emitting radiant heat and light of the greatest inten- 

The latter, indeed, proved highly injurious to the eyes of the 

itorB, in which, although they wore protected by grey glasses, of 

ible thickness, a state of very active inflammation was induced. Tlie 

kole Uucv of Mr. Duniell became scorched aud inflamed, as if it hod 

exposed for many hours to a brigiit midsumnior*s sun. The ra^'s, 

len reflected from an imperfect parabolic metallic mirror in a lantern, 

collected intu a fucus by a glass lens, readily burnt u hole iu a paper 

* TnuiucUoiu of the Royul Bocioly, May 30ih, 1810. 
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At A distance of many feet from tlieir suarco. Tlic hctl waa quite 
intolerable to the liand bold near the lantern. Paper etoeped in nitiuttt 
of aUver, and afterwards dried, was speedily turned broiftn by lUb light ; 
and when a piece of fine wire-gauze woa held before it, the psttem of 
the latter appeared in white lioea corresponding to the parts which it 
protected. The plienomenon of the transfer of the charcoal {rem one 
electrode to tlie other, noticed by Dr. Hare, but first obsenred by Pro- 
fessor Silliman, was abundantly apparent ; taking pbice from ihe 
zincode (or positive pole) to the j}latino<U (or negative polo). Tlie arch 
of Same between the electrodes was attrncted or repelled by the poka cC 
a magnet, according as the one or other pole was held above or bdaw 
H : and the repulsion wan at times so great aa to extinguish the flamfii 
When the flame was drawn from the pole of the magnet itself, inclodiiig 
the circuit, it rotated in a l>cautiful manner. 

The beating power of this battery was so grcat^ as to fnse with the 
utmost readiness, a bar of platinum, ono-eighth of an inch square ; and 
the most infusible metals, such as pure rhodium, iridium, titanium, the 
native alloy of iridium and osmium, and the native ore of pbttiDuiOi 
placed in a cavity, scooped out of a hard carbon, Crcely mcltod in 
nderable quantities. 

(209) Mr. Gassiot, afterwards with the view of Ascertaining the 
bility of obtaining a spark before tho circuit of the voltaic bab 
completed, prepared first 160, and then 320 series of tho constant bal 
tery iu half-pint porcelain cells, excited witli solutions of eulpbato ol 
copper and trmrinto of soda ; but although the effects, after tlie ooolaol 
had l>eon completed, wcro exceedingly brilliant, not tho slighttst tpailt 
could bo obtained. He was equally unsuccessful with a water battafjTy 
of 1^0 »crle«, each series being placed in a quart-glass vessel; and 
with a water battery belonging to Mr. Danicll, consisting of lOSO 
but wlien a Lcyden battery of nine jars was introduced into the 
of the latter, sparks passed to the extent, in one instance, of j^;f of U 
inch. We have, however, seen (240), that with a water battery «l 
2400 pairs, Mr. Croaso rarely fails to produce not only a spatk, bat a 
stream of light between platinum wires, not having provioasljr hem 
brought into coDtact. 

Mr. Oaffiiot mentions in his paper,* that having been present at tlie 
experiments of Professor Doniell, above alluded to, ho yvna induced to 
prcpartj 100 series of the large comitaut battery: but although tkia 
poworfiil apparatua was used under every advantage, and the Dtlia' 
cfibcts produced wore in every respect iu accordance with the rjctcnt rf 
ilie elements employed, still no spark could be obtaini*d uutiJ iheciroait 
completed : even a tingle fold of a tilk hantikerchit/y or a pieco rf 
* Read DccvmbcT lOth, 1630. 
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ti«siie |>apcr was euiifioit*nt to insulato the power of the battery, 
oagh ahct the circuit had been once ooinpletedt it fused titaniuai, and 
sixteen feet four inches of No. 20 platinum wire. 

FiQ. 118. Fia. 110. 




(270) The form of constant battery ghown in section in Fig. 118, 
and in perspective in Fig. HJ), was introduced by F. W. Mullins, Esq, 
In an earthenware pot, six inches deep, and four wide, is phiced a cylia- 
h^BT of amalgamated zinc, standing on tliree legs half an inch long, cut 
^^bi of iho cylinder, the depth of which, including the legs, is only two 
^^■flbou Within thia cylinder, and at three-eighths of an inch distant, 
^^Kanda a copper vessel, having a rim a quarter of an incli wide, sur- 
^fSounding its outer edge, round wliich a thin clear bladder is tied ; the 
bottom of the vessel reats on a circular piece of baked box-wood, which 
projectfi one-fourth of an inch beyond tlie cylinder ; the bladder, well 
idflBied and moistened, is drawn all over, and fastened round the upper 
rttn by a string, the wood at the bottom preventing it from contact 
th the copper, which would otherwise injure the membrane. This 
^finder, which ifi the depth of the pot, ia pierced with bix holes cqui- 
t froui the top and bottom, whicli communicate with an inner 
r, beparated from the outaide one by a space of three-fourUw of 
an inch, the bottom being on a level with the lower edge of the holes, 
and soldereil to the larger cylinder. This chamber itt intended to hold 
tfjsials of sulphate of copper, when required, and to receive the aolu- 
, which should n<»t rise higher tlian the upper edges of the holes, 
small quantity of muriate of ammonia (sal ammoniac)^ in the pro- 
rtion of five ports of the saturated solution, to one hundred of water, 
to be poured otfUidf the membrane, until it rises to Uie upper edge of 

m2 
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the zinc ; the latter solution does not require renewal, ihc former will 
require the addition of a few crystab of the sulphate every four houtv. 
The connexions are made b^ strips of copper, which arc soldered to Um 
zinc and inside copper cylinder, and which bend ovca* tiie cdgo of tliC Jw, 
and enter two cupe holding mercury, from which the wireu for tranamit- 
ting the electrical current through any apparatus may proceed, or bjr 
foatening the mercury cups directltf on wires soldered to Ijie two meUb. 
This battery continues active as long as a particle of metaltio ailt 
ronmins in solution ; for if to the nearly exhausted and culourlcas sofai* 
tion, you add about six drops of the saturated salt, the original povrer 
of the battery is instantly restored, and continues for some time, fa 
order then to kcop up a varying current, it is only necessary to keep i 
few crystals of snlphatc of copper on the shelf, which will be gradually 
di^olved, and carried in solution to the external snrfacc of the copper. 

(271) Mr. MuUiits has constructed a somewhat different form of 
battery for iutcusity effects. " I have first," he says, " oa in the quan- 
tity batter^*, a sliallow cylinder of zinc within, and close to the interna] 
anifftce of the carthtmware pot next the cupper cylinder as before ; bat, 
instead of letting the inside of this cylinder go for nothing, the internal 
surface of the copper is lined with very thin caoutchouc for tnstilation; 
then comes another small cylinder of zinc ; then a copper one, lined at 
the labt ; then a zinc : and lastly, a copi^er, eacli copper of coiuw en- 
veloped in membrane. Tliis battery is one of extraordinary power in do- 
composition and other efTtcts of intensity, which, in my opinion dffpmdf 
upon a new principle, which is developed in this mode of constrndiMI 
and arrangement, that is, the rcttricUnff the electric cnrrent to gruduaDy 
dim'tnuhiug mctallie surfaces as it advances, so that, as the quantity 
accumulates, the conducting surfaces are rrduced, and of course a much 
higher degree of intensity ia a necessary consequence," 

(272) In Sturgeon's ** Annab of Electricity," for April, 1837, 
page 224, there i4 the following account of a sustaining battery c£ 
great power compared with its size, by the Rov, John Shillibecr. It is 



represented in Vig. 120. 

** Finding on trial that a single piece of zinc, 
(surface three inches) surrounded by a membrane, 
when placed in a copper vessel containing a solu- 
tion of sulphate of cup]>er, could be soon erected, 
and that a rotatory motion might be kept up 
during pleasure, I funned the apparatus about to 
bo desoribedf which consists of a welt mode cop- 
per trough, about throe inches deep, and two and 
a quarter wide, divided into compartments ac* 
corOiag to the number of mne plates cmvliiyed, 
Ig 121 rej>reseuts » secUoa oi iVc cc»\»\»ct 
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trough. Tlie plAtee are soldered firmly to a cop- 
per bar, and by the aid of a screw arc fastened to a 
of hard wood, answering for a cover to ilie 
lUgli, wbich with the zinc plates and movement 
directing the course of tlie electric fiuid^ may be 
by reference to Fig. 1 20. In a groove cut out 
the cover oti each side the screw, is fitted a copper 
5lid« ; and these slides are joined by an elbow, to a 
piece uf ivory forming a haudl«i, by which, passing 
immediately over the screw, each wing of the slide may be brought 
readily into contact with the copper or zinc. 

** The use of this movement or pole director, I will endeavour to 
make apparent. 

" lu Fig. 120 let A A represent a section of the wood cover with a 
groove for the slide to stand in, -B the screw in connection witli tho 
irinc, C'C, the opposite sides of tho copper trougli Dd £\\ tho two 
wings of the slide. Now let the wing J)ii bo in contact with C\ and 
jEV with li; it is evident that the stream of electricity is going out from 
the wire in connection with the wing Dd, and is returning by the wire 
appended to tho wing Ke, into the zinc plates ria B, Shift the slide so 
that A'tf be in contact with C, and Dd with B, the stream will be re- 
verfod, making its exit by jE'^, and returning by Dd to the zinc, via B, 
The zinc plates should be covered tightly with a membrane, so as to 
▼ent any possible precipitation of sulphate of copper upon them, 
len used for sustaining a weight, the membrane should be slipped 
ofl^ and instead of sulphato of copper, diluted nitrous acid should be 
used." 

(273) Fig. 122 represents a single cell of Mr. p ,02 
Smee's voltaic itrrungement, whicli, considering its 
Ivantagos to arise from a mechanical help to the 
rolntion of the hydrogen gas, he calls tho ehetnlco- 
\anical battery. The oircumstanoos which led 
tthor to tlie construction of this admirable bat- 
are detailed in a paper in^rtcd in tho IGth 
laino of tlie L. & K. Phil. Mag. lie observes, 
" the influence of different conditions of sur- 
ia a subject which has escaped all ex])eri- 
VMniere, wltich is singular, as many must havo 
licod, that in a circuit the greatest quantity of gaa 
given off at the corners, edges, and points. Fol- 
ing this hint, a piece of spongy platinum, consisting as it does, of 
infinity of points, was placed in contact with avi^jAgaTOaX^^ xwc:, 
lea M moat violeui actioa easuetJ, su that but ViUle do\x\i\. co\\\^ \m 
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coll may tliua be very clearly seen. On aooount of tlic rapid 
al of the hydrogen gas, there is, in this forni of galvanic bat- 
but little tondeticy for the zinc to be deposited in a metallic 
upon the negative metal ; nevertheless, when it is required in 
tion for a long period, it may be advisable to separate the metals 
by a i>orou8 earthenware vessel ; or what answers the purpose equally 
well, by a thick paper bag, the joinings of which must l>e cfibcted by 
aiicU-lac di^olved in alcohol. By these nit^ny the sulphate of zinc is 
relaincd on the zinc side of the battery. It may also be arranged as 
A circular disc battery, or as a Cruickshank, each cell being divided 
or not by a f)at porous diapliragni ; but whatever arrangement is 
adopi«d, tlio closer the zinc is brought to the platinized metal the 
grcfltor will be the power. 

In using the chemi co-mechanical battery, it is important that no salt 
of copper, lead, or other base metal be dropped into the exciting liquid, 
M by Uiat means tlioro is a chance of getting a deposit on the negative 
mctaly copper in particular is apt to got precipitated, in which case the 
phtinintd silver should be immersed in dilute sulphuric acid, to which 
ft few drops of nitro-muriatc of platinum should be previously added, 
by this process the baser metals are dissolved, and metallic platinum 
thrown down. 

TliG platinized silver battery has become a groat favourite ^^nth the 
poblic, and it has probably done already a greater amount of work 
than all the other batteries put together. It is simple in its construc- 
, leraorkably manageable in its applications, and elegant in its ap- 
ce. It is soon set in action, and as quickly cleaned and put 
de ; and although it has not the constancy of the admirable battery 
Danicll, or the wonderful energy of the battery of Grove, it may 
he kept in active operation for six, eight, ten, or more days, when a 
sufficiency of acid is supplied to it ; hence, its extensive application in 
lira new art of ulectro-mctallurgy. 

(275) The most powerful voltaic battery, however, that has yet 
2»een brought before the public, is that of Professor Grove, which we 
hrill now proceed to describe. In a paper read before tlie Royal 
Ikcademy of Sciences of Paris, April 15, 1839, Mr. Grove alludes to 
Be powerfbl development of Electricity whicli would be occasioned by 
pie combination of four elements instead of three; as, by this means, 
mv should have nearly the sum of chemical affinities instead of their 
feiFcrcnoc. lie then describes some experiments wliicli he considers as 
kMBCBing a high interest, as they prove a well-known chemical pho- 
BBBloa to depend on Dloctricity, and thus tighten the link which 
^H these two sciences; and they led to the discovery of a voltaic 
■bmVination mach mare powerful tlian any prevAoua\y Vno^^fn. 0*>Vi- 
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{floled, as recommended by Uie inventor. A B C D is a trough of 
stoneware or gbs^ with partitions E^ £^ E^ dividing it into funr acid 
proof cells, Tlie dotted lines represent four poroua vessels, of a paraU 
lelopipcd shape, so much narrower than Uie cells as to allow tho 
liquid which they contain, to be double the volume of that which sur- 
Toands them ; the four dark central lines represent the xinc plates, and 
the five lines which curve nndor tho porous vessels, the sheets of plati- 
num foil, which are fixed to the zinc by little clamp screws. Common 
rolled zinc, about one-thirtieth of an inch thick and well amalgamated, 
may be employed. On tlie zinc side, or into tlie porous vessels is poured 
a solution of either muriatic acid, diluted with Ixom two to two-and-a- 
half water, or, if the battery be intended to remain a long time in action, 
of sulphurif acid, dilated with four to five water ; and on the platinum 
tide, conccntroted nitro-sulphuric acid, formed by previous mixture of 
tqual measures of the two acida. The apparatus should be provided 
with a cover containing lime, to absorb the nitrous vapour. Fig. 125 



flG. \26 




icfpresents the complete battery ; and the first set of plates, removed 
from the porcelain trough D, showing verj' clearly the arrangement.' — 
A a is the bent zinc plate ; B, tho insuhited platinum plate, in its poroua 
cell ; C, the nuxt platinimi plate connected by means of a binding screw 
with the zinc at a, 

(278) On tho evening of March 13, 1840, Mr. Grovo delivered ai 
lUe Royal Institution, a lecture on voltaic reaction and polarization, and 
afterwards exhibited two botteries, constructed aa above deactibed. — 
Th^ were churged aomc time proWousIy to the \octuie ', atv*V m^ Vq ^X\^ 
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period of ito conclusion, remained in perfect inartivity, miifl the circuit 
WM completed. One of these was atnuif^ as a ecries of ^re plates, 
and contained altogether about four s<]aare feci of plalxnam foil : whh 
this the nnxed gases were libented from water, at the Burpriaof nie 
of 110 cable ioclies per minute. A sheet of platinum, ooe iiiefa wide, 
and twelve inches long, was heated in the open uj thmgii its whok 
extent, and the osoal class of effects were prodnced in correspoDdin^ pto- 
portion. With the other arrangement, conaisting of fifty plates, of two 
iocbee by four, arranged in single series, a voluminous flame of one kndi 
&nd a quarter long, woa exhibited by charcoal points, which showed 
boAutifully the magnetic properties of tlie Toltaic arc, and bars of dif- 
ferent metab were instantly run into globules, and dia^pated in oxUth 
TheM sarpriaing etifects wore produced, it must bo remembered, by a 
battery which did not cover a space of sixteeD in^ee square, and WM 
only four inches high. In a paper inserted in the l6th vol. of Uis 
L. and £. Phil. Mag., Mr. Qrove de^ribes a battery of thirty-ax <1»- 
ments^ each consisting of a square inch of platinum foil and zinc, and 
charged with concentrated nitric, and diluted snlphnric acnd, of auk 
of which it took a pound, so that for the expense of abuut a sbiltio^ 
he could cxpcriniont for eight or nine huur:) without fresh cluugr, 
with a battery which gave between charcoal points an arc of Uglit 
0*4 of an inch long. Professor Jacobi states, that he has readily 
fused Iridium, with a nitric acid battery, after it luu been at vroak a 
whole day.* 

(279) The following explanation of the superior power of this h$t!Utf 
is given by Mr- Grove.f " In the common zinc and copper battery 
resulting power is as the affinity of the anion | of the genomting K 
trolyte for zinc, minus its affinity for copper. In the common conttiot 
battery, it is as the same affinity plus that of oxygen for hydrogen, 
raiims that of oxygen for copper : in the combination in question, tbe 
same order of positive affinities minus that of oxygen for azote. Ai 
nitric acid parts with its oxygen more readily than sulphate of copper, 
rosistanco is lessened, and the power correlatively increasetl. With 
regard to the second material question, that of croes procipitatton : in 

* On Monday evening. May S!3d, the Author had Kh« plMsont of attamlliif 4 
•ekrniiflc solrte at the liouiic of Mr. GaAiut, on which occasion an a iiatmcui eBtef 
lUU pair* of the platinum nitric acid batteo* wat act in aotlon. The jH utMuma em 
^f tliifl bsttciy were brilliant In tbr extnme : the flame between charcoal tcnnlnab 
vraa rxceeillni^ly vi>1ijniliions, aud m briUiant lu To be almnut inftii|i[iur1aMir to the 
nakd ryr , nr^nrds of two fnrt of stout iron wire were hiMtod to whllviieM* aT4il 
Bltii < :. and fulpharct of antimony waa deconipo»«ly and ttie nutal brtf* 

llaiiti. ■-,1. 

t U ^ K. I'hil. Mng. Vol. I.'i, p. SAO. 

I T))c trnna anUm, caium, BtcttnUytr, Arc, will \m> cx|)Uined In the na%l 
LirctMrr. 
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llie comtnott combination, zinc is precipitated on tlie negativu motal, 
and a powerful opposed forcti created : in the constant batter}% coppur 
is pn^ipitatod, and the opposition \s losscnod : in this there is no prc- 
C^ntatiun, and consequently no counteraction. 

•• If the operation of tlie battery bo watched, tliD nitric acid changes 
colour, assuming first a yellow ; then a green ; then a blue colour ; 
aod lastly, becomes aqueous ; after some time nitrous ji^as, and ulti- 
mately hydiogan, is evolved from the surface of tho platinum." 

In the paper from which tho above extract is taken, Mr. Groro 
describes an ftrrangcmcnt of hig battery, which, tJieoretiealh/^ should 
erolre 213 cubic inches of mixe<l gases per minute, or, nearly seven 
aad a half cubic feet per hour; and, should the period arrive when 
Electricity shall supersede .steam, and become a moana of loco-motion, 
Uie form of batterj' which he describes would probably be the best tliat 
could be devised. An excellent method of ecoaomising space, was 
proposed by Mr. Spencer, of Liverpool, viz., to plait or crimp tho nega- 
tive metal : by tliis means, in a given spaci\ the surface may bo doubled 
without increasing the mean distance between the metals. 

(2S0) Iq the U & E, Phil. Mag. for Decen»bor, 1842, a most extra- 
ordinary and perfectly novel voltaic battery is described by Mr. Grove. 
It oonststa of a series 

of 50 pairs of plati- Fio. 126. 

nnsed platinum plates, 
each about a quarter 
of an inch wide, en- 
dowed in tubes par- 
tially filled alternately 
with vxygen and hy- 
drogeo gues, as sliewn 
in Fig. 126. The 
tubes were charged 
with dilute snlpliuric 
acid, 8p. gr. 1*2, and 
the following effects 
were produced : — 

let, A shock was given which could bo felt by 6ve persons joining 
bands and wliich when taken by a single person was painful. 

2nd, Tlic needle of a galvanometer was whirled round, and stood al 
about <iO°; with one pereon interposed in tho circuit it stood at 40°, 
and waa tdightly deflected when two were interposed. 

3rd, A brilliant spark visible in broad daylight was given between 
cbarcoal puiutff. 

•Itli, Iodide of potawium, hydrochloric acid, and water acidulated 
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with sulpbtmc actd, vtne acxenXiy deeompoaod : ill* pm frnn tie 
decomposed water WM cdimimted in snffideat quantity to be collected 
And detonated. Tb« gaau were evolved in tho (Erection denoted in the 

figure, I. e. as the chemical theory and experience would indicate, the 
hydrogen, travelling in one direction throughout the circuit, and the 
uxygeu iu the reverse. It was found that tweuty-eix (>airs were the 
smaUcst number which would decompose water, but that four pMn 
would decompose iodide of potawium. 

5tb, A gold leaf electroscope was notably affected. 

When the tubes were charged with atmospheric air, no effiset Wtf 
produccii, nor was any current detomiincd when tho ffuBm employod 
were carbonic acid and nitrogen, or oxygen and nitrogen : when bydr<^ 
gen and nitrogen gases were used, a slight efl«ct was obeerved, wydi 
Mr. Grovo ia inclined to refer to tlio oxygen absorbed by tke liqmd 
when exposed to the air, which, with the hydrogen, would give ri<w to 
a current. I shall have occasion to refer to this most reuitriubW 
battery in the next Lecture; both as fumt^hing a powerful arguneat 
for the chemical theory of the voltaic pile, and as exhibiting a beautiful 
In&tauce of the reciprocal action of natural forcoa, establialiiug, as was 
pointed out by Mr. Grove, the interesting fact that gMea, in oombiatng 
and acquiring a liquid form, evolve ^jufficient force to decoinpoac a 
similar liquid, and cause it to acquire a gaseous furra. 

Tho original experiment was not made with sufficient cxactnoi (o 
show with acciuacy the proportional diuiinution of gas in each tnlw^ 
though it was plain that tho hydrogen diminished much more rapidly 
than tho oxygen. A graduated battery is, however, Wing prepared by 
that liberal promoter of science, Mr, Gaasiot, by which tho point will 
bo accurately dotcmiined. 

(281) In the opinion of Professor Schoenhein, tho oxygen doM not 
immediately contribute to the production of the current in tbo gaseont 
voltaic battery ; he oscribos the augmentation of tho current which ifl 
DOcamoDed by having the altcninte glass tubes fillcMl with oxygon^ to the 
depolarizing^ action exerted by tliat gaa upon tho negative platiuum 
electrodes which are inserted in the tubes containing it, and porliapt 
also to some other electromotive force called into play. T1< ^ 'ion 
found that an aqueous solution of hydrogen comlitnLHl clu ' viib 

pure water, and the circuit thus formed completed by platinum, pro- 
duced a current which passed from the solution to tlio wat ;. ' \ no 
trace of free oxygen was contained in either fluid. By Ucr 

oxygen or atmospheric oir pass into the solution of hydrogen, he did not 
find the curront senaibly increased, from wljich bo drvw thu cooctunon 
that tho current gcnoratod cannot bo due to the combinalion of fna 
hydrogen with isolated oxygen ; an infocoaoc^ be obAcrvos, wlikli may 
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abo bd drawn from Mr. Orovo's Arrangcmont itsolf ; for the oxygon 
contomed in one tube cannot bo supposed to combine witli the hydrogen 
enclosed io another tube. M. Sclia^nbein rccommendd uttiiig chlorine 
gu tugitcad of oxygen, by which he thinks the effects will be greatly 
increased. 

(282) Fig- 127 represents an useful arrangement of 
copper and nnc plates for a voltaic battery, the contriv- 
ance of J. A. Van Slelson, of Slaestricht, Tlie copper 
eoldered to the zinc in eacli pair envelopes tlio zinc of 
the followinj;; pair, so as to be exposed to the two sur- 
faces of this plate, but withont being in contact witli it. 
It differs from Wollaston's pile, in having the metallic 
plates much nearer to each other : they are only about 
^ inch apart, and are maintained thus by small pieces 
of cork interposed between the plates of zinc and those 
of copper, whilst the plates of copper of the consecutive 







elements ore separated by 
•quotes of glass of the same 
use as (bo plates. Fig. 128 
represents two elements of 
the series. All the pairs are 
placed in a kind of wooden 
frntne, Fig. 120, carefully 
ished, in which they are 
ly retained without its 
being necessary to attach 
them by screws to a bar 
of wood, as is the case in 
thte Wollaston combina- 
tioa. This arrangement 
prcoents tlio additifjual 
advantage of greatly faci- 
litAling the tak ing to 
pieces of the elements. 
The pairs united in the 
faUDe arc at once im- 
nenvd into the acidulated 
liquid contained in the 
trough : the plates of zinc 
are caiefnlly amalgama- 
Ud. Van Melscn de- 
scribes a battery* on this 
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plan, whicli ho conetnictcd for the Macstriclit University, cinnfiisting U 
62 pain}, of nbicb the plates of zinc arc G^ inches wide, and 7^ inctun 
high. Ry ita means a platinum wire ^^^ of nn inch thick, and 17} 
inches long, was reduced to incandescence with an extra'" V '.,n- 

liancy, and fell into seven pieces, at the ojctremitie« of whit IkhI 

metal arranged itself in globolee. A silver wire -^g of an inch thick, 
and 152 inches long, became intensely red, and Cell into fragments. An 
iron wire ^V of an inch thick, and 15j inches long, wa* speedily 
brought to tho uiost vivid state of ignition, and was reduced into four 
pieces, in which, in many places, the melted iron was gathered into 
large globules. At the period of this latter experiment the battery hid 
already been a long time in action, and was much weakened. Whea 
tho battery vna first excited, in order to produce a spark, the two at^ 
of copper which serve as conductors were bronght into oontaot. Tbe 
ports in contact became immediately soldered together, 60 Utat U «>• 
ncccesary to employ a certain cd'urt to separate tlicm. 

(283) The author lias much pleasure in adducing his testimony ia 
favour of this form of roltiuc battery, — where intense cfTccts orr ro* 
quired fur a short time it is a most excellent arrangement. The but- 
tery constructed by the writer consists of tweuty-iivo luurs, each »ae 
plate lieing 6J inches long, by 5^ inches wide, and when charged with 
a mixture of GO parts in volume of water, 1 of nitric ontl 1 of sul- 
phuric acid, OS recommended by Von Melsen, it heats to intcnfie whit«- 
ncss from eight to ton inches of stout platinum wire, evolves in a volta- 
meter, the plates of which are two inches long, and 1 1 inch iritle^ 
forty cubic inches of mixed gases piT minute, and burns metallic Icaim 
with great hrilliancy. It is for better, however, the zinc plates being 
amalgamated, to use pure dilute sulphuric acid (1 auid -f- 9 waier) 
alone; by this means wo avoid local action, and maintain the aotioo of 
the battery for a much longer period, though the first effects an 
certainly not nearly so energetic. A ^reat improvement woftSd btt 
also, to employ as the negative clement copper-wire gauze, on which 
has been deposited frOD) an acid solution, copper in a state of minvie 
sub-divitjion, as recommended by Mr. Walker, tlie secretary of lh« 
Electrical Society. 

(28-t) Tlie occasion of mentioning this gentleman's name shall ht 
taken as an opportunity of describing his aimple and ingcninns form of 
the constant battery. It consists in coating the inU^ricir of an cartb^ 
jar with copper released firom a solution, and is cHectcd in the foDovN 
ing manner:* — " Toko a large jelly pot — one to contain a quart foO 
do very well — place in it a fuw pieotra of wax. Then stand it by iht 
fiio till tlie wax is entirely melted, and the russcl has become exceed* 
* Prooettdings of the Kl«ctrlflal dockty, ^Mige so. 
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ingty lioi ; tStei tliit? turn it about so iliat the wax shall adhere to every 
part of the interior; pour off the remaining wax and plaeo n$ide the 
jar to cool. AVheo it is quite cold, brusli the wax coating with black 
le^d until the wbolo is well covered. It is re4{utstte for iWia ])urpo8e 
lo be acquainted with the nature of the black lead employed ; some 
Bpeomens are iar inferior toothers; it is not unfrequently found that 
the coinmou article u^ed for domestic purposes, is better for this than 
the finer and purer sorts. When the vessel is coated well, pour in it 
A Botiitiun of sulphate of copper, and place within this a porous din- 
l^iragm containing acidulated water. In this put a strip of antalga- 
mated zinc, and bend its wire so that it shall press upon the blackened 
Bor&co of the jar ; after a fow hours* action the jar will be coated with 
eoppcr, and will form a very efficient generating cell, to be excited in 
Ibe ikiia] way." Now, tlic surface of the cuppor, as thus precipitated, 
ii aonewhat analagous to the platinized surface of the silver in Mr. 
BniM^fl battery ; it consists of myriads of minute glittering points ; or, 
if the deposition of the metal be allowed to continue until tlic solution 
is exhausted, the surface will become black instead of bright, and will 
oooaist of much more minutely ilivided particles. The escajws of hydro- 
gen gas is thus facilitated, as in Mr. Smee'a arrangement, and the 
battery may be used cither as a constant octd^ or a constant Daniell's 
hmUery. When employed as the latter, Mr. "Walker finds it con- 
Tenient, particularly when the action is required to be kept up for a 
long time, to use diaphragms formed of good Jresh conmioa plaster of 
Paris, cast in a mould uf sheet copper. 

'^Vhen the action of a battery is rcqnirc<l to be kept up for many 
inontlis, as in experiments on electro- crystallization, the porous cells 
should be at Icodt ^ uf an inch thick, and the bottoms formed of pi{>o- 
cla}', well rammed down, while in a plastic state, to about threc-fuurtlis 
of on inch in thickness; this metliod is found to answer much better 
than a solid, earthen baked bottom, the latter being sure to crack oven 
with a very moderate degree of use. 

Some electricians have proposed to use wooden cylinders as dia- 
phragms for the sulphate of copper battery, but they do not answer 
well. Tl»e author experimented witli thern very considerably when 
they were first spoken of, (ho believes by Mr. 31ullinu) ; large ones he 
coold never get to answer at all ; he constructed, however, a battery of 
40 pftiTB, witli small wooden cylinders, each 3 inches high, and 2J inches 
wide« and with it strong shucks could be given, and a brilUaut spark 
obtained between charcoal points. 

^(2{S^) Id the following series the metals nro ranged according to theii 
Betrical clmracters, and in the same relation to each other as zinc has 
to oopficr, BO that one of them opentee aa sine tu all those abovo it, 
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and the more distant from one anntlicr any two motals stand in 
eerics, the greater the galvanic action they will dcvclopc. 

Platinum. Mercury. Tin. 

Gold- Copper. Iron. 

Silver. Lead. Zinc. 

Hence, m we have already seen, a galvanic series of platinnm io< 
«inc is more powerful than one of cupper and zinc ; and the latter a^taj 
more powerful than one of leiid and zinc, &o. It ia nut, liowe»cr, td] 
be understood, that the power of any two motals in llic table depi?cuii 
upon tbo number of iutermediuto ones, because a scries of pUtiounj 
and iron ia much feebler than a scries of copper and zinc ; although 
the former case there are six intermediate inet&la, and in the latto,' 
there are only throe. Cliarcoal and plumbago stand higher in the »cal<t] 
of electric bodies than platinum, so that a galvanic aeries of plumi 
and zinc is very powerful. Now, plumbago or graphite U a combina- 
tion of iron and carbon, and tlie hint has been thrown out by Jacobt,* 
that by adding more carbon to that which usually enters into the cotn- 
po>4ition of caiiit-iron, wo should probably arrive at a componnd whoss 
galvanic proiwrtiea would be equal to those of platinum. The obj<<ct 
may be obtained by a species of cementation, or by rcmelting caat-iroD 
with additional carbon in closed vessels. 

(280) This high nr/jativc character of carbon, enablea na to under- 
stand how it is, that cast-iron and zinc form so eflVctive a voltaio drde» 
standing as iron and zinc do, immediately next each other in the abo^ 
serioa. It was 3Ir. Sturgeon who first formed a large battery of then 
metale ; it is described in the oth volume of his Annals of Electricity. 
It consists of 10 cast-iron cylindrical vessels, and the same number uf| 
cylinders of amalgamated, rolled zinc, with dilute sulphuric acid. Hie I 
cast-iron vessels are 8 inches high, and 3J inches in diameter. Th« 
zinc cylinders are the same height as the iron ones, about 2 ioobcai in 
diameter and open throughout. Tlic iron and zinc cylinders are attaolwd 
in pairs to each other by means of a stout copper wire. The Kinc o(^ 
pair is placed in the iron of the next, and so on tlm>ughout the 
contact being prevented by discs of mill-board placed ia tlie b< 
parts of the iron vessels. 

With ten pairs in series, Mr. Sturgeon etatce, tliat he has nsoaOy 
obtained fourteen cubic inches of the mixed gases per minute, tind ten 
aud a half cubic inches, when the battery has lieen in action on hoar 
and a half. On one occasion ho states, that he obtained twcnty-tira 
cubic inches per minute, fused one inch of copper wire, one-twrnty* 
fifth of an inch in diameter ; kept four inches white hot, an<l cighbctn 
inciics Tcd hot, in broad daylight. Eight inches of watch main-spring 
• See UiB ** OalvanoiilosUc Art,'* tmaaUt«d tiy Mr. Stargcoo, p. 4. 
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pt rod hot, and two incliee whito hot, for several successive 
tDlnulGs. 

(287) Immediately after readiug the above acco\mt of the perform- 
ftoces of Uie cast-iron battery, the writer, struck with its extmordinary 
pon-er, proceeded to constiact a similar arrangement of ten pairs ; and, 
tkougli be cannot say that he has ever obtained, under any circum- 
stances, anything like the effects above described, he has, nevertiielesSi 
fennd it very convenient as a stationary battery, thou^li, firum its no- 
uwiiiy ireight and bulk, it can never bo put in competition with 
the elegant arrangement of Smee-, or the beautiful contrivance of 
Daniell. 

(288) The anomalons electric condition of iron, and its efficiency 
when employed as thi» negative element in a voltaic arrangement, was 
|>otDtcd out by Air. Martyn Roberta in the L. Sc E. Phil. Mag. :• when 
iron is associated v^ilh copper, it is highly positive to that metal ; but 
itrfaai it is associated with zinc, it is more highly n^/;acice to the zinc 
than ctvpper would be under similar circumstances. When two similar- 
«ized galvanic combinations— one of iron and zinc, and tho other of 
copper and zinc — were compared, a deviation of tho needle of the gal- 
vanometer, amounting to twenty-five degrees, was found in favour of 
the iron and zinc pair : and when two equal-sized batteries were applieil 
VDder similar circumstances, to the decomposition of water, tho iron 
baitery, with a measured quantity of acid, gave four cubic inches of 
mixed gases in lO-l minutes, while the copper battery gave only ouo 
and o-half cubic inch in 125 minutes. 

(2S1)) This surprising intensity of the zinc-iron circuit is thus ex- 
plained by Professor PoggcndoriT:f — 

" Tlie intonaity of the voltaic circuit depends on two things, — tho 
dectromotivo force, and the resistance. It is the quotient from the 
division of the former by the latter. Now though tho elwctromotivo 
force between zinc and iron is smaller than between zinc and copper, 
silver, or platinum : neverthrle-«9, the current of tlie zinc-iron circuit is 
nger, because the iron offers leas resistance to tho transition of tho 
t than copper does. The current, however, possesses less tension 
limn tliat of the copper circuit; or, in other word;*, it is weakened by 
the insertion of a foreign resistance in a greater proportion than tliat of 
iho copper-zinc ; and it was found that the interposition of a wire of 
German silver, fifty foet long, weakened tho current from the iron-zinc 
nor* than that of the copper-zinc ; and further it was supposed, that 
bjr ft continued increase of the inserted resistance, it would be possible 
io make the current of the iron circuit, not only as weak, but even 
'ol. xvi. p. 142, t PoggcDdorff'* Amialtn, vol. i. p. £66. 
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^caker Utan ihftt of the copper circnit, Profcaaor roggeodofff dU tuA, 
bowevcr, succeed practically in effecting this. 

(290) Mr. Koberia has, bovrever, offered an cxpUnation,* wUdk 
Electricians in this country will, I tUink, be incUned to adopt in 
preference to that given by tbe learned Oennan, who la one of tW 
mcst powerful and etrennooa supporters of tbe Contact Theory o( 
Galvanism.t It is simply, — that copper, when iuinieiwd in an acida* 
lateil ^lution, do«s not retain so clean a metallic surCoce aa iron doo^ 
when exposed to a like action. When a copper-zinc pair is placed n 
dilate aalphuric acid, an action takes place upon both the metals, aoA 
the balance of their affinities for the acid determines the direction of 
mtenaity of the electric current : bat on obstacle to its Cree ciroolatioo 
ariecs by the resistance offered to its passage from the acid into the 
cofiper, because this metal has in a measure been acted upon by iW 
acid, and its surface partially oxidated : but as the affinity of the faaaa 
fur the acid, under these circumstances, is not sufficient to cause iW 
solution of tho oxide, it therefore remuna upon the surface of On 
copper-pbto ; and as oxides are worse conductors of Electricity than 
their metallic bases, wc have here a resistance presented by the oxidated 
surface to the entrance of tliu electric current into tho copper plalA. 
On the other hand, when an iron-zinc pair is immersed in dilate acid, 
wc have alao an action on both motals ; but the baUnce of a&niU0» is 
here not so much in favour of the zinc, as when it is in com 
with copper, and therefore the 'mtctuitji or elxtr'>-ftiotit^ fvree 
rated by the iron-zinc, is not so great aa in that of tho coppcr-iine 
buttery : but the f/uantit^ circulatcil by the iron-zinc is greater, beoaoM 
the surface of ihc iron not only oxidates, as did the cupper, but in OQII* 
sequence of its greater affinity for the acid, this oxide becomes diaolfai 
in the liquid, and it is thus removed from the surface of tho metalt 
which remains purely metallic, bright, and far more fitted to oondact 
Etcctridty than would be the oxidated surface of a copper plata ; It 
therefore offers less resistance to its entrance, and a larger tpiantitf ia 
thus circulated, althou;*!) (in consequence of the balance of afliuitius) ta 
less intensity or eUat'o$7u>iief force by an iron-zinc, than by a ooppflf* 
zinc galvanic pair. 

(2rH ) Mr. Kuborts has introduced a form of battery on tlic above prio* 
ciplcs, which, as it has come into very general use for bkuting purpoaSf 
we shitU hero describe.^ ^^^^ general purposes tt conaistv of twenty 
BiDglc negative iron, and twenty single pootivo unc plataa, of six inoliM 
square, arranged alternately in a framo of wood, and oonnected in Uia fol 

* L. & B. Phi). Mag. vul. xix., p. 100. 

1 8i» D«xt Uclure. J Proc. Elec. 8«. p. 367. 
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And the letters and i, tbe iron plates; 
let a and b be joinod together, and stand 
froQ AS a double tenuiual j)Iate or pole, 
having of course a wire proceeding from 
tbem as n conductor ; then join 1 to 
c^ 2 to */, 3 to tf, and so on, terminating tbe other end of the battery 
by a positive plate, bnt having botii its surfaces opposed to a negative 
ItUte, 05 is the condition uf 4. 

In a battery of this construction, there ia no cross play of Electri- 
city, bccande two plates intervene between every positive plate, and 
tbe D^atiro plate in metallic connection with it. Its power is very 
great io oonsequonce of tlie closeness of tho plates one to tho other. It 
b very compact ; and tho absence of insulating eclls, renders it very 
eotiTcnient, as it can with no trouble be put into, or taken out of, its 
box. Ttio plates are put into a framo Fia. 131. 

mado of bars of wood, as in Fig. 131. 
The plates are kept from touching 
rfich other by strips or rods of wood 
about ■[ or ^ of an inch square, and long 
enough to estcud from the top to tho 
bottom of each platc^ ono rod to each 
side of a plate ; or if the plate be very 
largo, another in tho middle. Tho box contoining the exciting liquid 
(dOutc sulphuric acid, ono part acid to thirty of water), is put togcthof 
with white-lead joints, as thcec arc perfectly water-tight. A battery 
of Ukis construction \s found to bo far more powerful, and constant in 
its action, than an equal &iized one of copper and zinc. 

(292) While speaking of tho electrical properties of iron, wo may 
take thu opportunity to detail some peculiar voltaic conditions of that 
inetaL lu the L. ^- E. Phil. Mag., vols. 0, 10, and 1 1, several papers 
on lir» curious subject will bo found, by Schoenbcin, Faraday, and 
others ; but wo must coniluo ourselves here to tho simple facts, referring 
tiO thu* original papers, for a theoretical explanation of tiiom. 

Jf one of tho ends of an iron wire bo mado red Imt, and, after cooling, 
be bnroersod in nitric acid, sp, gr. 1 '35, neither the end that Ims been 
boated, nor any other part of the wire will be affected, whilst acid of 
Uiis strength ia well known to act rather violently upon common iron. 
By immersing an iron wire in nitric acid of sp. gr. 1*6, it becomes like- 
wise tnditforcnt to the same acid of 1'35. 

(293) Tho principal ftM;ts that tho writer baa cx{}criinentally verified, 
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and llio observations which ho has made, in repcaUng Schocntnaas 
cx]>criment8, ore as follow : — 

1°. It lA well knowu, that whea iron wire ia imniersed in nitric acid, 
Bp. gr. l'S5, it ia attacked with violence ; but Sir John Herechel wu, 
it scctna, tlio first person who noticed that if the wire w&s aasoctAled 
with gold or platinum, it was qnite inactiTe in acid of that streDgth. — 
AV^hen an iron wire, onc-sixtccuth of an inch in diameter, was toucM 
at a given point with plntiuum, and dipped into nitric acid sp. gr. l'37t 
Ct waa not at all acted upon, but remained, for any length of time, pe^• 
fectly bright. Once touching it in the acid with the platinum wu 
sufficient to render it inactivo when the platinum was removed, ■• 
long as it remained in the acid ; but if it were taken out, wiped, and 
then again immcraed, action commence*!, but soon again ceased. 

2'^. If the acid waa diluted with an equal bulk of water, platinum did 
not preserve iron wire from its action, even when coiled tliickly round 
it : it appeared, indeed, rather to qaickcn thu action ; but, although it 
did nut protect the iron under these circumstances, it did under otkco 
which will be mentioned ])rc8cntly. 

3°. If a wire, having boon made inactive, by being touched with a 
piece of platinum, was touched, while in the acid, with a piece of Bnc» 
or another common iron wire, it waa immediately thrown into TJoleni 
action. Half a wire, four inches long, was heated to dull redness, the 
blue tinge was visible through three inches : when the wire waa oold, 
these three inches were quite inactivo in nitric acid sp. gr. 1*39, 
the other end was active; but when the heated end was made >>nght 
by filing, it was rendered active likewise. 

■4*. A\1icn an inactivo wire and ono that waa active, were dipped into 
the same vessel, and mode to touch at tiicir |Huts ahoce the fluid, action 
waH ojccited in the indifferent wire. A common wire was roa<le U> 
touch an indifferent one, and both dipped into nitric acid, the indiffcivnt 
one going in^r»l : by this means the common wire was rendrrod indif- 
ferent, not being in the slighte-st degree acted on by the acid ; the second 
wire rendered indifTerent a third ; the third, a fourth ; and so on. TUt 
experiment was found to succeed best witti a wire that had been made 
indifferent by platinum ; but with care, it will answer equally well with 
a wire that has been made indifiV-rent in the fire, the conditions appear* 
ing to be, perfect contact and gradual immersion. Wben Lheee wirw 
were taken out of the acid, and wiped, they aJwaj'B returned to 4^ 
active state, bnt were again made indiflereut by repeating the pfoo^H 

6®, A wire, polished very bright, and ]»rntectt.'d by pUtinnm, wi* 

immersed in a solution of nitrate of cupper and nitric acid, which acted 

very atrongly on oummun iron, copper being deposited on tbo OMli] ; 

iht* j^roteeiLil wire remained, however, htxp^Ut ; after a few aecooda, the 

piu(im:m was removed — tbo iron XxscMiwi 'uiB\a.u>X^ «a vanbSBom Vtwe^-, 
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bnt whcQ the plattnam was allowed to reniain m contact aa hoa? or 
two, aiid theu ^u^lo^-ed, the wire wod ItTt in ttie peculiar state, cxlii- 
biting the carioiu phcnoincnoD of a piece of polished iron remaining 
nntamiahcd in a solution of acid nitrate of copper. The wire thus 
inacttve^ on being touched with a piece of common iron, was instanta- 
iitHiusly rendered active, undergoing rapid solution and becoming covered 
wilh a coating of cupper. 

6*. A piece of common wire was bent into the form of a fork, and 
ilipped down an inactive wire into nitric acid, by which it was itself 
nmdered inactive ; now, if another piece of wire was made to touch tlic 
fork, before being introduced into the acid, it was rendered itself in- 
active ; but if it was Erst thrown into action, and then made to touch 
dilaer end of tho fork, it threw all the wires into action, unless the first 
wire was one rcn*Ured inactiM hf/ tho Jire, in which case it was not 
thrown into action : the writer could not, in this experiment, succeed 
In making one end of the fork active and the other passive, aa described 
by i>choL'nbein ; he tried it many times, and in every case, every wire 
wms thrown into action, when cither was touched in the acid with an 
active wire. 

7^. In order to observe the electrical phenomena, a galvanometer was 
used in the manner described by Faraday : a platinum wire was con- 
nected with one of the cups, and the other end dipped into a glass con- 
taining nitric acid, of tho above strength ; if now, an in»n-wire was 
coonocted Jint with the other cup of tho galvanometer, and then tho 
other end immersed in the acid, it was inactive, and no deflection of 
tho needle took place ; but if it was first put into the acid, and aftcr- 
waids connected with tho galvanometer, it was active, and the needle 
fras deflected in the same manner as if it had been zinc, i. c., whlch- 
over pole of the nocdie the wire of the galvanometer with which it 
ITM joined passed immediataly over moved tcett. 

8*. If on inactive wire was in this experiment substituted for tho 
pbitinnm, it acted precisely as platinum, both with regard to its pre- 
ficnring action, and to tho direction of the electrical current produced ; 
and here it may be observed that a striking proof is by this experiment 
Hibrded, that voltaic action is due to chemical action, fur, when tho 
B§rP« were so arranged that both should be inactive, there was not tho 
Bghtcst electrical current evinced by tlie galvanometer ; but when 
mther woa thrown into action by being touched by a common wire, 
tlat wiio became instantly as xinc, and the noodle was strongly de- 
flected, 

K fi^. If Uto iron- wire had a piece of platlnnm foil attached to it, tho 
■KmMnt the circuit was closed, bubbles of gas made their a\>vea.T&tv<:n 
on the phUauatt hut noat* on (Lq iron ; but when l\io \i\&\auw\sv v;«^ 
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romoved the gas roee rftp'idly Crom the iron, which was noi, howoToCil 
thrown into action. I 

10°. When two glassea were filled with acid, and connected by ■ 
compound plat'mum and ixon-nire, all the phenomena which took ptacttj 
in a siiifflo gloso, were observed, and the platmuin or inactive wire ia.| 
one glass, exerted a protecting inflaence on the iron on the other, ptfo-1 
vided the communication was first made through t)ie galvanomciar ; a 
touch from a common wiro abo threw the iron into action, producing 
a strong electrical current; the sarao was the case with throe ot four 
glasses connected by a compoond wire. 

11^. When the acid was diluted, so as to have a sp. gr. of 1*2, pUtl- 
num, OS was before observed, could not protect iron from its action, 
neither when it was connected with the galvanometer did it* if Iho 
iron was dipj^ed iuto the acid first ; but if it was first connected with 
tlic galvanometer, and then put iuto tlio acid^ no action tchaitver took 
place in anj/ Ungih of time^ evat ic/ieii thts platinum teat remorvd; hut 
it always commenced when the inactive wire was ouco touched 
in the acid with a common iron-wire, or with a piece of copper ; hul 
the iron thus made inactive did not as in strong acid possess the |>ower 
of rendering other wiro inactive, but was always thrown into action 
itself when a piece of common wiro was substituted fur tlie pUtinam, 
whether it was connected with the galvanometer firbt or nut: — the fijvt | 
wiro in this ease acted as platinum to the second. I 

12°, When two cups were employed, and connected by a piece nf' 
bent wire, and so arranged that the iron-wire should be active, on ro^ 
moving the connecting wire, and taking a frt;sh piece, if it were dipped i 
first into the cup containing the iron- wire, and then the other eoA ' 
brought into the platinum cup, (hat ewi ?ra» insetted, atut ihi^4f ttas tm 
pauage for tJui electrical current, the neoUa of the palvan itiy 1 

guieaeeni ; but ichan it ncas put into an activoBialeiheeUca : . : rciU\ 
pa«ttd» Here then we liave the iron made itiocUve withont any m^uU' 
lie communication w^ith the platinum, and when inactive it is found j 
incapable of conducting, or, at any rate, it obstructs vcr)- considcraU^ 
the passage of au electrical current. ^M 

13°, If the iron-wire was inactive it was impossihlo to make . l!m^ 
end of the connecting l»cnt wire so, neither could it be, if it wcjc lij-ja-i 
into the platinum cup Jirst ; the action of nitric acid of this strength, 
viz. 1*2, is not an effervescing action, the iron is slowly dissolved ; when 
a piece of clean metal is dipped in it, it sjieedily becomes covtTed with a 
brown substance, which is gradually dupo^itod^ hut dissolved by aj^tatiiw. , 

14°. When iron-wire is uiade the positive electrode of a galvanic | 
battery, euu«isUng of fifteen or twenty pairs, and dilute nitric, sul- I 
phurjc or phosphoric acid the «u\>)itQV ^'i ^xY^wxixxX^ the negativv 
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etocUodo consisting of a platinum wire, if that polo bo first dipped 
into strong nitiic acid, and the circnit closed by a common iron- 
¥ntf^ that H-ire is immediately inactive, as regards the action of tho 
acid on it, and it bebavce precisely as platimim or gold in i/tritif/off' 
OMpffen from tho decomposed water, while the platinum wire becomes 
aofroonded with a greenish £uid (nitrous acid) : any other mode of 
cloftijag tho circuit will not answer, and if, while oxygen is given off 
from the iron-wire, it is onoo brought into contact with the platinum, 
it ceases to give off oxygen when separated from it, and will not again 
du so till exposed to the aii. 

15^. The aamo phenomena occur with diluted acid, only hydrogen 
gfts is given off in great abundance from the platinum, and as before, 
when the wires are made to touch in the liquid the iron ceases to per- 
form til© office of platinum, and l>ecomo8 gradually dissolved ; exposure 
to the air, however, brings it again to tho peculiar state, 

IC*^. Diluted sulphuric and phosphoric acid exliihit similar pheno- 
mena, but the iron cannot be made inactive in muriatic acid with that 
or any otlier voltaic power ; it is always converted into muriate. Wlicu 
diluted nitric acid is employed, and when two cups are connected by a 
common iron-wire, the effects are tho same, and if tho connecting wiro 
be removed, and tho cups joined by another, in the manner before 
described, that end in tho cup in which the platinum negati%'e electrode 
traa, giTcs off oxygen, while the other end undergoes solution, and the 
iron-wire which acted the part of the positive electrode gives off oxy- 
gvn also; if four cups be employed a similar result is obtained ; but 
the qnantity of oxygen liberated diminishes as the number of elements 
increases : if cither of tlie i?nds of tho wires be now Uiuchcd with a 
common iron-wire, its pectdiar state is destroywl, and it becomes as tho 
Oiher end, while tlie oxygen it gave off appeared to Im divided be- 
tween the two inactive wires, and if the iron-wire in immediate con- 
nection with the battery be made active, and all the others but the 

ddle one made active also, then the middle wire performed the office 

the positive elecirodc. 

Much more might be said on this curious subject ; tho above must, 
however, suffice here, and those who arc anxious to sec the matter fully 
discussed may bo referred to the 0th, 10th, and lltb volumes of tlio 
L. & £. PhiL Mag. A voltaic battery, consisting of zinc and passive 
Iron, or of active and passive iron, in either case excited after tho 
manner of a Grove's battery, was described, Jan. 17, in a communica- 
tion from Professor Schuenbein to the London Electrical Society. Tho 
poWBt of the arrangement is said to be very great. Its economy is also 
a matter of importance, and tho value of tho salt produced (sulpli. 
(em) is not iu bo ovcrlookvd. 
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(2f)4) Tlie electrical cliarnctor uf an uUoy of iiiet^ils duCe nut, it rami 
ho observed, always take a place between those metala of which it coo- 
sUta, but more frequently it stands eitlior much higher or macb lowor 
in the serica. Such is the cobo with brasSi which mostly ocU in gaX- 
vanic arrangements, either quite as well, or even better than oopper, 
which is one of its constituents. (Jocobi.) On t)ie other hand, oith«r 
amalgniQatcd zinc, or a compound of zinc and quicksilTer, acta OTta 
better than Kinc alone, although quicksilver itself stands high in tfa« 
galvanic serica. A compound is described by Jncobi, which is still 
better than quicksilver and ^dc ; it consists of 38 parts of quicksilrtf; 
22 ports of tin, and 12 parts of zinc. Nevertheless, he obdervea, in 
such alloys aa these, where too much quicksilver is introduced, the dis- 
advantage is, that they are extremely brittle, and have but little oo- 
berence. 

(205) The inaction of amalgamated rinc in acidulated water, (23rt) 
ia considered by iMr. Grove* as being the cfFfct of polarization ; but of 
one which differs from ordinary cases of polariKation, in that the M* 
tiojtti of the electrolyte^ instead of being precipitated on the negative 
metal, combine with it, and render it so completely positive, that tbs 
current is nnllified, and not merely reduced in intensity as in otbec 
cases. 

The experiments made by Mr. Grove, to verify ihia idea, are curious 
and striking. 

1°. Half the surface of a strip of copper was amalgamated and am- 
tnersed with a strip of zinc in water, acidulated with |th of eulphuritt 
or phosphoric acid ; on making the plates touch there was a rapid or>> 
lution of gas from the unamai^amaUd part .of Uie copper, while only a 
few detached bubbles appeared on tho amalgamated portion. 

2°. A large globule of mercury was placed in the bottom of a glui 
of acidulated water, and by means of a copper win% the whole sutCmo 
of which was amalgamated, it was made to communicate with one oX« 
tromity of a galvanometer, while a strip of amalgamated zinc, imrociMNl 
in th£ same liquid, couimunicatcd witli tho other extremity ; at the in- 
stant of communication an energetic current waa indicatetl, whidi, 
however, immediately diminished in intensity, and at tho end of a Um 
minutes the needle returned to zero; scarcely any gas was evolved, uid 
of the few bubbles which appeared, as ranch could be dctoctod on tbo 
surface of the zinc as of the mercury. ^^ 

3°. With tho same arrangement A strip of platinum, well amft^^| 

mated, was substituted for the meicnry. In a few miniitfs Oio cnrfonl 

became null or very feeble, and if, after the cessation of the current, Ui# 

anc was changed for nnamalgamatcd platinum, this latter VTolfviI 

* t. ft e. PtiU. Mag. vol. XT. p, ei. t 8m n4st Lvcton. 
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of faydrogen, and the needle ind'icalcd a violent cnrrent in a 
direction. 

4°. Wiib tliiDgs arranged as in 2*^, sulphate of copper was sub&titutcd 
for acidulated water,— a constant current v*aa produced, and copper 
waa precipitated on the mercury, oa long as crystals of tlie sulphate 
were added to the solution, 

(2n0') In these experimenta it is shown that mercury, whicli, in its 
Dortiiiil sLite, is well known to be inefficient as the positive metal of a 
voltaic combination, is in many cases equally inefficient as a negative 
metal from its faculty of combining with the cations of electrolytes, 
which rendering it equally positive with the metal with which it ia 
Toltaically aasociatcd, ttic opposed forces neutralize each other. Bnt if« 
as in 4*^, the cation of the electrolyte is not of a highly electro- positive 
character, the zinc (or other aasociated metals) retains its superior 
oxidability, and the voltaic current is not arrested. 

(2l>7) Tlic application of these experiments to the phenomena pro- 
acnted by amalgamated zinc, Mr, Grove thinks evident ; all the hetero- 
geneous metaU with which the zinc may be adulterated, and w hich form 
niinnte negative elements, being amalgamated, become by polarization 
equally positive with tho particles of zinc, and consequently without 
Uio presence of another metal to complete tho circuit, all action is 
arrested as in the case of pure zinc. The fact of amalgamated 
uno being positive with respect to common zinc, of its precipita- 
ting copper from its solutions, and other anomalies, are also explained 
hy these experiments. 

(208) The last form of voltaic battery that I shall describe, is the 
arrangement of Dr. Lceson, in -which, instead of sulphate of copper, a 
tolutiou of bichromate of potash (ten parts water to one of bichromate), 
ia employed as tho exciting agent. AA, Fig. 132, shows a vertical. 
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And DB, an horizontal section of the wooden trough rendered water- 
tight. It is grooved at the aides, as seen in BB^ &o ub lo iqc«^\>i«V^ 
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LECTURE V. 

VOLTAIC ELECTRICITY (continued), 

light — Toltalc flame bi'twcfni chnrcoal point* — pmctical appIicnUonfi of 
iltoff IMjwer of the voltnic current — Oencrnl Piwley** opcrntious tm tUo 
of the fioyat George — the Roniid Down CUff cjtplo6iou— Orovc'ti ex]>oH- 
. Hunts oa Ujc voltaic dtsrujilivc disctiarge — Chemical plivnomcuu — Faratlay'o 
Ifxma — decoiuposilioo of water, an«l saliuc solutions— ok pcrimcuta with siil- 
tphatc rif ina^ieoia and chloride of ailver — Davy's experimciiti — Definite electro 
clMfinicaJ action — VoIta-EIectromcttf — quantity of electric force in niaitcT — 
tteoatlmry- rwult*— CroMc's experiments on electro crystallization — the uuthor's 
ap«rimentB — tl»e Electrical "Acorua "—Crosse's" Electrical "sprinRS— DanieU's 
esiprrisnnkls on the EleclrolyftU of necuudary compounds — Electro nictallur^ — 
MeUlUt-chromen — ibe odour accompanying the oxygen from clccLroly»ed water 
— KxperlincntA of M. Schuenhcin and Mr. Oana. 

(300) Ok com{)ariug the Electricity of tlio Voltaic battery with that of 
tbe electrical battery, \('e find a difTcroncc 1)ctweon tho two winch may 
ba cxpresEted in the three foUowiug particulars: — 1. the irtttnsltj/ o{ 
Vohaic Electricity, as compared with statical, 13 exceedingly low : 2. the 
quantity of Electricity set in motion by the smallest voltaic circle, is 
almost iiifiuitcly greater than that from the electrical machine ; indeed, 
ii liaa been shown by Faraday,* that two wires — one of platinum and 
osa uf zinc, each OQC-eighteeiitli of an inch in diameter — j)Iaced Btq - 
nzfteenths of an inch ajiart, and immersed tu the depth of five-eighths of 
an inch in acid, consisting of ono drop of oil of vitriol and four ounces 
of distilled water, at a temperature of about 00°, and connected at the 
other extremitieij by a copjHJr wire, eighteen feet long and one -eighteenth 
of an inch thick, yield as much Electricity in eight beatd uf a watch, 
or ^S^ff of a minute, as an electrical battery, consisting of fifteen jarv, 
each containing 18>i stpiare inches of gloss, coated on both sides, and 
cbarged by thirty turns of a fifty-inch plate machine : 3. white the dis* 
charge of the electrical battery is instantaneous, in tho voltaic battery a 
current circulates in an uninterrupted and continuous stream, although 
Um wire uniting the oppodto ends is constantly tending to restore ii\o 
equilibrium. 
[(301) In ounaderiug the offocts of voltaic Electricity, it wiU bo god- 
it tu do 90 in relation to thcMi tliroe circumistanceBy as contmftino 
* £xp«rtBKDfial HttMucbM, 371, «t wq. 



it with ordinary Electricity. In a f(irmer Ijccture it has bcx.*n shoim. 
that a piece of glass or stealing wax rnlibed with flannel, and held mw 
the cap of tho gold-leaf olectroBcope, causes an immcdiskte divergenoe of 
the leaves ; but the largest calorimotor that has ever been oonstrnctcd. 
is incapable of producing on equal effect : indeed, it is only by the ap- 
plication of the condenser, tliat any indications of Electricity cm be 
obtained from it ; but with a battery of many pairs the effect is very 
distinct, though water bo the sole exciting agont^ as wo have already 
seen (249). And it matters not what the size of tho plat«« may bo; 
pairs of copper and zinc, one quarter of an inch s^piare, being qutt^u 
effectual as plaioa four inches squarv, numerouB alternations being tbi 
only requisite. Here then we see a remarlcnhle difference betw<wa tbd 
siuiple and tho compound voltaic circle, and between qnantity and 
intensity. From the largest calorimotor that was evor oonatructcd, m 
can obtain no direct shock, and only feeble oleotro-chemical cffccbi 
while thirty or forty pairs of zinc and copper, four inches square, excited 
by the same acid, will diverge gold leaves, give shocks, and decompoN 
acidulated water very rapidly : in general tenna it may be stated ctrtms 
parihiu^ that the ijuantity of tho Electric current bears a relation to tiw 
size of the plates, and tho irU€nnty to tho number of the alternations. 

(302) Hoat and UgKt, The wonderful heating powers of an oxtcn- 
sivo voltaic b&ttcry, and tho intense light omitted between charcoal 
points, were noticed in the last Lecture (278). In tlio Prooetd- 
ings of tlio Electrical Society (4to. vulume), a series of cxpertmetits 
performed with a sulphato of copper batter)'-, consisting of ICO cells, arc 
detailed. The deflagration of mercury is described as most brilliant ; 
and the length of tho flame between charcoal points, was three-fourths 
of an inch. Zinc turnings were speedily deflagrated, and their oxido 
was seen floating about the room. In these experiments, the fuUowiiiff 
interesting result vtosjirtt obtained : — When the ends of Uic main wires 
were placed across each other (at about ono or two inches from tlicir 
extremities, not touching, but with an intervening stratum of air, the 
striking distance through which the Electricity passed, producing a bril- 
liant light), that wire connected with the j>ositir* end uf the hat(«ry, 
became red-hot from the point of crossing to its extremity. Tho com«- 
ponding portion of the other wire remained coinparativoly cold. Hm 
wires were removed from the battery : that which had been made Um 
positive was made the negative, and that which had been nr^aiirt WM 
made positive. The results were still the some : — tho potittr* win 
becoming in all cast-e heated frum its end to the pfiint of < iiid 

Anally bending beneath its owu weight. When a piece of i of 

bar>'tc8 was placed on the table, with one wire resting on it ; Q|kiii 
bringing the uthor to within the str\W\n^ distaaoc^ tlie portion contS- 
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to tiie wire w>9 fa«ed, but could not be collected. When sul- 
t of lead waa Biinilarly placed, the metal waa released in Buiall 
titiett; but when 8iitj>liuret of antimony was placed in circuit, the 
brilHaat effects were obtained. Tbo negative wire was firmly hcM 
Ihe siilpliuret, and the positive brought to within one-eighth of nn 
of it, the heat of the flame immediately diaengaged the elements com- 
witb the metal, and they were dissipated in the form of vapour, 
g a small portion of fu»ed metal, in a state of intense bent. When 
tbe main wires were oroaaed, and their ends placed in two s«^paratc jars, 
ining distilled water, in about two minutes the water in the positive 
that in the other presenting no such apjiearance. On ap- 
it powerful magnet, the tiame from the charcoal points olieycd 
lutown laws of Electro-magnetism (23li), being atlracttd or repel- 
led as tbe case may be ; or following the motion of the magnet, if the 
Utter were revolved. But wbeu a powerful horse-shoe magnet was 

Rt lioriznntally, with its north or marked side uppennost, and the 
9 from the negative side of the battery firmly pressed on tlie magnet, 
positive wire being brought to within the striUing distance, a bril- 
t circular flame of Electrical light ira^ teett to revolve fi'om Uft io 
ritfht^ as th« hand* of a tcatch, AVbcn the position of the magnet was 
lerened, the flame revolved from ri^fit tv Ift. The appearance of tlie 
flftme was not unlike that of the brush from nn- Electrical machine, re- 
ceived uu a large surface, only much more brilliant. (G7) 

(303) Fig. 1 33, represents the appearance prutHiuted by tbe voltaic 



Fio. 133. 





10 between pencils of well-burnt l)oxw<M)d charcoal, or, which an- 
belttT, between pencils formed of that plumbn^o-Iiko sub»t'\nce 
id lining the interior of long-used coal-gas retorts, 'llie arched form 
le flame is owing to the ascensional force of the heated air, Wjtb 
to tbe charcual light, the foUowiii;^ obi^ervations were marie by 
la Rivo, with a Grove s battery of forty pairs.* The bimtnoos arcli 
)t be obtained between two charcoal points, nntil after the two 
tta have been in contact, and are hi'ated around this point of contact. 
may then, by separating them gradually, succeed in having between 
tlicfn a luminous arch, an inch or more in length. Wood charoon), 
ieb, after having been powerfully iguittd, haa been quenched by 
iia uf water, is that nbicb givc:^ thu most beautiful li^ht, on account 
• Proeeedinf^ of the £Jectrlcal SocUty, v*^* '*^' 
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of lis conducting power being increased, Coko, though it siieevcilAM 
well aa charcoal, does not give bo brilliant and white a light : it is al- 
ways rather Uueish, and aometiraea red. The transfer of particles «l 
carbon from the jjositivo to tlic negative pole, whilst the luminoua aith 
ia produced, ia evident ; but it is especially senaible in vacuo. A cft>ilj 
b observed to bo formed in the point of the positive charcoal, presentttig 
the apj>earance of a hollow cone, in which the solid cone, formed by the 
depoaition of particles of carbon, might jicnetrato almoat exactly. Tim 
phenomenon is almost the same in the air, except, that the accunmU* 
tion of carbon on the negative point is leas, because a portion of tlm 
molecules bum in the transfer : and the positive point presents only* 
flat, instead of a hollow surface. Tliis latter result probably ansa 
from the combustion of the thin exterior of the hollow cone, whidi 
must be formed in air as well as in vacno. 

It appears very probable, that the luminous arch itself is only the 
result of the incandescence of the particles uf carbon transferred from 
one hole to the other, — incandescence, which in the air is accompanied 
by a partial combustion, and which takes place without combustion in 
%'acuo. When the current is uut very powerful, the eye can almost ttee 
these particles move in tho direction indicated. Tliia tranaftir can only 
take place, aa we have seen, when the charcoal haa been previously 
strongly heated, — a circumatance which, probably diminialiing its cohc- 
aion, facilitates the disjunction of the particles. De la Rive also found 
that spongy platinnm and copper, reduced by hydrogen into an tropal 
{Miblo powder, heaped up in glass tubes, produce tho same effect m 
charcoal ; and that tho same takes place when a piece of Bolld metal %a 
placed at the negative end, though, if the soUd metal be ftt the poailive. 
and tho spongy metal at the negative, only a very short a{>ark b ofb- 
tftined. Do la Rive also re]>ealcd tho beautiful experiment of llio in 
fluenco of the magnet on the luminous arch, and obscrvi^ that tho Hglit 
is not polarized : he also remarked, that it can bo employed aa Bolar 
light, to illuminate an object to bo daguorreotj'ped . 

(80-() The colour of tho light which attends tho voltaic Hismptiw 
discharge, varies with the substaDcos between which Uio dischargo 
passes. If thin metjillio leaves be employed, they arc dcflagrat«<d with 
considerable brilliancy. The beautiful effects are nut, bowovet, owiai; 
tu the conibtistiou of the ntotal)4, though in some ca«cs incnm«xi by iUig 
cause, but arise from a dispersion of their particlea anatogoni to thai oC 
the mor« momealary explosion of the Leyden batt«ry, (DanioU) QelA 
leaf emitji a white light, tinged with blue; silver, a beautiful emerald 
green light ; coppftr, a bluish white light, with nnl sparks; leatl, a pur- 
ple ; and zinc, a brilliant white light, tingc«l with red» The cxpori- 
woata a/0 bast petfonncd by fi&\n(^ a v^oXii uC ^UUed. tinn^ iron to 



ODO wife of the battery, and taking up a leaf of any motal, on the point 
of tlie other wire, bringing it in contact witli the tin plate. Even under 
distSli.^ water, the disruptive dii»obarge of the voltaic battery takes placo 
ia a Btreain of brilliant light. 

(305) Tlio temperature of metallic conductors ia sometimes actually 
reduced by the passage of Electricity through them. Thus it has been 
ihovra by Lcnz,* tliat if two bars of bismuth and antimony be soldered 
acroas each other, at right angles, and they be touched with the con- 
ducting wires of the battery, so that tlio positive Electricity will have 
to pass from the antimony to the bismuth, the tem]>eraturc of tho 
metalB will be elevated ; but when the current moves in the opposito 
diseotion, viz : — from tho bi.smuth to tlic antimony, tho mctnis become 
cooled at their point of contact. If a cavity be excavated at this point, 
and a drop of water, previously cooled to nearly 32°, be placed therciu, 
on the current passing, the tcater trill become rapul/^ frozen, 

(30(J) Tlio best method of showing the power of the voltaic current 
lo heat motallic wire, is to roll about eighteen inches of wire into a long 
tpiral, and place it in ttio interior of a glass tube, its ends passing 
Ihroagh corks, so as to bo readily twisted round tho terminal wires of 
the battery : by this means, a high temperature may be communicated 
to the glass tube, tliough the wire may not be ignited ; and by inuner- 
ttDg it in a small quantity of water, tlmt fluid may speedily be raised to 
iU boiling point. When a wire in the voltaic circuit is heated, tlio 
tviDporaturo frequently rises first, or most at one end ; but it was shown 
by Fanulay, that this depends on adventitious circumstances, and is 
not due to any relation of positive or negative, as req>ect6 tlie current. 
Faraday lias al»o showi],+ that tho same quantity of Electricity which, 
paned in a given time, can heat an inch of platinum wire of a certain 
diameter red hot, can also heat a hundred, a thousand, or nny length of 
tlio same vdre, to the same degree, provided the cooling circumstances 
vo tbe same for every part in all cases. 

(307) It was Lieut. -General Pasloy who first applied the heating 
pawor of tho galvanic battery to a useful practical purpose. While 
•Qg^rcd in 0[)cratiun3 on the river Thames, ho was written to by Mr. 
Pibner,t who recommended him to employ the galvanic battery iustead 
of tho long fuse tlicn in use, and after being put in possession of tho 
method of operating, he immediately adopted it, and has since tnmed 
it to excellent accoimt in tho removal of tho wreck of tho Hoyal 
George at Spithead, as is well known. 

The destmction by gunpowder of tho Round Down Cliff on tho 
line of the Sooth Eastem Railway, on Thursday, 26th January, 1843, 

* For. Annal. VnK xllv. p. 342. t Expcrlmentu] Bei«uchei>%&'^,w>V«- 
t fiint^'^ Sleetro-metaHtiftcy, p. 407. 
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U a splendid example of tliv aucceaaful application of a scicntiiic ]»nft-l 
ciple to a great and important practical purpose- la tliis grand ex- 
periment, by a single blast, tlirougli the instrumentality of llic galvanit 
battery, I,000,OUO tons of chalk were in less 'than five minuU« dtv 
toched and romovod, and 10,000/. and twelve months* labour sarod. 

(308) Tlie following account is abridged from the Report in tb*j 
Times newspaper: — '*The experiment has succeeded to admiraUun. 
and as a specimen of engineering ukill, cunfois the higliest credit vn 
Mr. Cubitt who planned, and on his colleagues who aaaistod in cany* 
ing it into execution. Everybody Ims heard of the Sliakspeaie Cliff, 
it would be superfluous tlierefore to speak of its vast height, were not 
the next chtf to it on the west somewhat higher : that cliff is Roood- 
Down Cli6; the scene and subject of this day's operations. It ris< - * 
the height of 376 foot above high-water mark, and wmi, till this ai: 
noon, of a singularly hold and picturesque character. As a projection 
on this cliff prevented a direct line bdng taken from tho eastern moiitii 
of Abbot's Cliff Tunnel to tho western mouth of tlie SUak.^>can! 
Tunnel, it was resolved to remove, yesterday, no inconsiderable portiim 
of it from the rugged base on which it has dcBcd tho winds And wavot 
of centuries. Three different galleries, and three different ahafte con- 
nected with tliem, were constructed in tho cliff. The length of tlie 
galleries or passages was about 300 feet. At the bottom of each tthoft 
was a chamber 11 foot long, 5 feet high, and i feet six inclioft irf^| 
in each of the eastern and wostem cliambera, 5,500 lbs. of gnnpoWH| 
were placed, and in tlie centre chamber 7,600 lbs., making in tho wboic>,| 
1 8,000 lbs. The gun|>owdcr was in bags, plaoed in boxes : lootc |>0w- 
der was spnukled over the bags, of which tho mouths wure opened, ood 
tho bursting charges were in the centre of the main chai^ges. Th« 
distance of the chargi's from the face of tho cliff w.as from CO to TO 
feet. It was calculated that the powder, before it could find a T«»ly 
must move 100,000 yards of cluUk, or 200,000 tons. It waa coo-, 
fideotly expi'ctcd that it would move one million. < 

" Tho following preparations were made to ignite this enonnoM \ 
quantity of powder : — At the back of the cliff a woudcn sh^ waa ' 
constructed, in which three galvanic battt-'ries were ervctvd. Kach 
battery consisted of IS Daniell's cylinders, and two common battcrit^ 
of 20 plates each. To these batteries were attached wircH which coni- 
Uiunicattid at tho end of thu charge by moans of a wry fine wire of 
platinum, which the electric current aa it j>asecd over it made red ' 
hot to fire tlie powder. Tho wires, covered with r- aj 

upon tho filotinum, which became nsd-hot wlion the -.jii 

traversed it. Tho wires, covered with ropoi^ were spread upon U»« 
gnsB to tho top of the cliff, and then ftiltnf^ ov«t it, wcro oarriod lo the 



caaiem, the centre, and the wentrrn clianibers. Lieutenant Ilutclun- 
«ont of the RoyaJ En^^inecrs, haH the command of tlic threu huttcries, 
and it was arranged that whon he tired the centre, JMr. Hodgt» and 
Mr. Wright bhould simultaneoualy tiro the eastern and western hotto- 
ne& The wires were each 1000 feet in length, and it was ascertained 
by experiment that the current will heat platinum wire fiufficiently hot 
to i^ite gimpuwder to a distance uf 2,300 feet of wire. 

" Exactly at twenty-six minutes past two o'clock, a low, faint, in- 
distinct, indescribable, moaning subterranean rumble was heard, and 
imiiiediiitely afterwards the buttom uf the clitl' began to belly out, and 
then almost simultaneously about 500 feet in breadth of the saromit 
faqgan ^rmilually but rapidly to sink. There was no roaring explosion, 
ao bursting out of ^re, no violent and cnuhing splitting of rocks, and 
ooraparatively speaking very little smoke: for a proceeding of mighty 
and invprcasiblc force, it had little or nothing of the appearance of 
faroe. The rock seemed as if it had exchanged its solid for a fluid 
natur?, for it glided like a stream into the sea, which was at a distance 
of 100 yards, perhaps more from its base, filling up several large pools 
of water which had been left by the receding tide. As Uie ebalk, 
which crumbled into fragments, flowed into the sea without splash or 
noise, it discoloured the water around with a dark, thick, inky-looking 
fioid ; and when the sinking mass had finally reached its resting places 
a dark brown colonr was seen on different parts of it which had not 
been carried oS the land." 

(309) The circumstance of so little smoke being seen attendant on 
the cumbu^tioo of such a ])rudigiou8 quantity of gunpowder, occasioned 
to many a good deal of suqirisc, and induced a belief that the whole 

the gunpowder had not been fired ; but when we consider that the 
''ffnoke owes its visibility principally to the solid and finely divided 
charcoal * which is suspended in it, and that in passing through such 
an immense mass of limestone, it must have been Jiltered oa it were 
£rorm this solid matter, our wonder at the absence of smoke on thia 
oocanon will cease. 

(310) The following table exhibits the results of the experiments 
of M. liecquerel on the conducting power of metals for voltaic clcc- 
tnraty : — 






Copper . 


. 100 


Phitinuui . 


. ia-4 


Gold 


. 03-e 


Iron 


. 15*8 


Silver 


. 73-6 


Tin . 


. 15-5 


Zinc 


. 28-5 


Lead 


8-3 



• Th# prluclpat ga«eniM retulto ftf Uie combuslUm of ^onpowdcr are earfioale 
exiilf, rnrlionle *ci<I, nitrogen, and •ulphuruu& aci<i ; tbe wiUd n-witUie cotutftUoC 
c»rbo&aU' 4aJ suipfuUe ofitoiMSA, Auiphuret of potaulum and c\iaicx>«!L. 

o 




4 



In eooKqnenoe of tto good oonductiDg power, a Toltioc Itttte^- wfll 
heat to ndmm a gmter leagth of etlver win tl«n oC pbtn 
thdcn, if a oomponnd wire he framed of ievenl altemte fiafc* of 

ttnam and Btl ver, as sliewn Fia. 134, 

ia Fig. 134, and disposed 
between tho poles of a pow- 
erful battery, the platinum 

linka will become red but ^ ''-^ - c ^^ 

during tlio poasage of the ^ -^ "P ^ ' 

currmt, while the alternate silver links will remain dark. Tlic cftiarcc, 
which passes freely along ihe alvtjr, meets wiUi resatttnoe anoogh in 
the platinum to produce ignition. 

(311) On reflecting on the remarkable difference between the famti&e 
ef&cts of the positive and negative wires of the voltaic bttiterr (3W), 
it occurred to Mr. Grove* tbat it might be due to the interpoaod 
medium, and that were there any analogy between the stat« assaned 
by voltaic EUclrod*^* (31C) in clastic media, and ihat whicli they assn 
in EUctrol^tt* (317), it would follow that the chemical action at tli 
positive eloctrwlo in atmospheric air would Ijo more violent than tli 
at the negative, and that if the chemical action wore more viulcnt. tli 
heat would necessarily be more intense. 

By experiments perfonne<l with an arrangement of thirty -six paiif 
of his nitric acid battery, Mr. Grove established the following pointa :— 

1°. If zinc, mercury, or any oxidable metal constitute the pnstti 
otectrude, and platinum the negative one, in atmospheric air, whih* t 
disruptive discharge is taken between them, a voltameter (335) inclosed 
in the circuit yields considerably more gas tlian with il»o 
arrangement. 

2°. In an oxidating medium, the brilliancy and length of the are 
(witli certain conditions) directly aa the oudability of the metals bctwvev 
which the dischiirgc is taken. 

3°. In an oxidating medium, the heat and consumption of metal ii 
incomparably greater at the anode (Sid) than at the caMo^ (31^) 

4°, If the disruptive discharf^o bo taken in dry hydrogen,, in osotei 
or in a vacuum, no difference is observable between the heat and ligh 
whether the metals be oxidable or inoxtdable, or winder tho oxidabl 
metal constitute tho positive or negative electrode. 

6°. Tho volnmo of oxygon atmorlied by the disruptive dtacham 
taken between a positive electrode of xinc and a negative ono of platinun 
in a vesael of atmoepheric air, is c<|ual to tliat evolved by a vultatDOlM 
included in tho same circuit. 

(312) A rcmarkal)1o analogy between the vloctrolylic and d: 
« U and B. IMiil. Ma«. Vut. ivL p. 47B 
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Uve discliorgee is hore presented, but there are two domc^nts which 
obtain in tbn latter wliicli have little or no influence on the former, tiz. 
the Tolatility and stute of nggregiition of the conducting bodj^. This 
was shown remarkably in the cnse of iron, which in air or in oxygen 
gave a most brilliant voltaic arc, while in liydrogon, or a vacuum, with 
the same power a feeble spark only was perceptible at the moment of 
diaruption, ^(ercury, on the other hand, gave a tolerably brilliant 
ppark in liydrogen, azote, or a vacuum, and one more nearly approach- 
ing to that which it give3 in air. 

(313) It has been established by Faraday, that in electrolysis, a 
voltaic current can only pass by the derangement of the molecules of 
matter; that the quantity of the current which passes is directly pro* 
portional to the atomic disturbance it occasions : he deduces from this, 
that the c|uantity of electricity united with the atoms of bodies is oa 
thoir equivalent numbers, or in other words, that the equivalent num- 
bers of different bodies servo as the eirponetiU of the comparative 
quantities of t^lectricity associated with them.* " Now," observes Mr, 
Chorei, "what takes place in the disniptivo discharge? When we 
SM daszling flame between the terminals of a voltaic battery, do wo 
Me electricity, or do we not rather see matter, detached, as Davy sup- 
posed, by the mytiterious agency of electricity, and thrown into a state 
of intense chemical or mechanical action ? Matter is undoubtedly de- 
Caebed during the disruptive discliargo, and this discharge takes its 
tone and'colour from the matter employed. Now, as this separation is 
effected by electricity, electricity must convey with it eitlicr the identi- 
cal quantity of matter with which it ia aaeociated, or more or less; 
tnoTG it can hardly convey, and if loss, some portion of electricity must 
|)ft9B in an insulated state or unassociated with matter, aud some with 
iL" Mr. Grove proceeded to institute some experiments with a view 
of determining whether the quantity of matter detached by the voltaic 
disruptive discharge was definite for a definite current, or bore a direct 
cqaivalcnt reUtion to the quantity elcctrolyzed in the liquid portions 
of the same circuit. Tlie great difficulties attending such an enquiry, 
defied accurate results : but sufiicicnt was gathered to afford strong 
nds for presumption, that the wparation of matter in tho voltaic 
is definite for a definite quantity of electricity, ond that tho all 
impartant law of Faraday is capable of much extension ; and uniting 
this view with the cxperimenU of Faraday on the identity of electricity 
fhim difftreiit sources, aud with those of Fu^inieri on the statical elcc- 
tncnl di«Gbargo, it would follow as a corollary, that every disturbance 
of oleotricnl i-quitibrium is inseparably connected with an equivalent 
dsiftarirance of tlio molecules of matter, 
^^ft • Exp«rim«nbt1 Rosearchea, Aie, .%S4, 73«, 783, &36, 839. 
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(314) Chemicc^ Phenomena > — Before entering npon this {ntereatbg 
branch of our subject, it will be necessary that we describe the new 
tcrnia introduced by Farnday, and state hit) reasons fur adopting them. 
According to the views of tliis celebrated philosopher,* clcctro-chemicsl 
decomposition is occasioned by an %nUfi\al corpuscular actiofi^ exerted 
according to the (direction of the electric current, and is due to a fora 
either aupcratiticd tOy or giving a direction to tha ordinartf chrmiocd 
affiniti/ of the bodies present. He conceives the effects to ari«e from 
forcii$ which are internal^ relative to the matter imder decomposition, 
and not ejftertial as they might be considered if directly dependenl 
upon the poles. lie supposes that the eSeots ore due to a modificatin, 
by the electric current, of the chemical affinity of the particles throogh 
or by which that current is passing, giving them the power of acting 
more forcibly in one direction tlioa in another, and consequently makJcg 
them travel by a series of successive decompositions and rccompositioDi 
in opposite directions, and finally causing their expulsion or exclusioo 
at the boundaries of tlie body under decomposition, in the dlrectioa of 
the current, and thai in Uirgcr or smaller quantities according aa \3m 
current is more or less powerful. 

Thus, in Fig. 135, the particles a a, 
could not be transferred, or travel 
from one polo N, towards the other P, 
unless they found particles of the 
opposite kind b 6, ready to pass in 
the contrary direction ; for it is by 
virtue of their increased affinity for 
those particles, combined with their 
diminished affinity for such as are behind them in tlicir course that thef 
are urged forward ; and when any one particle a, Fig. 136, orrivva at 
the polo it is excluded or set free, becansc the particle b of the oppoaito 
kind, with whicli it was the moment before in combination, has, under 
the super-inducing influence of the current, a greater attraction for th« 
particle a\ which is before it in its course, than for the partidir <, 
towards whioh its affinity has been weakened : a may be oonoeivvd te 
be expelled from the compound a 6, by the superior ftttnction of «^ fbr 
by tliat superior attraction belonging to it in conaequenco of the rdatWt 
position oia'h and a, to the direction of the axis of electric powevraper- 
induoed by the current. The electric current is looked upon by Fara- 
day as an axit of potctr^ hartnif contrary force*, exa4tij/ ^ttai im 
amount y in contrary directions* 

(3!5) According to Farada/s views then, tho detemnning force k 
* Biperinicntal Ri 
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at the so called pole$ of the Toltoic battery, bnt tri'Min the body 

decomposition (132) : to avoid, therefore, confusion and oircum- 

on, and fur the i>ake of greater precision of expression, he, with 

6 assistance of two friends, framed the following new terms, which 

^noe been almost universally adopted. 

t are called tlie poles of the voltaic battery are merely the sar- 
or doors by which the Electricity enters into, or pasaos out of, the 
ce suffering decomposition ; Famday hence proposes for them the 
tomi fiettrodeM^ from iiXtk-rpvy and o^os a way, meaning thereby, the 
substance, or surface, whether of air, water, nicta], or any other substance 

Kb serves to convoy an electric current into, and from the decomposing 
or, and which bounds its extent in that direction. 
IC) Tlie surfaces at which the electric current enters, and leaves a 
decomposing body, he calls tho anode, and the cathode ; £rom fira up- 
wards, and bcU a way, — the waff which the tun ring ; and K*ara down- 
wards, and 6^oc a ^ay, — th€ ncnp \chicJi tlie aun 8et». Tho idea being 
taken from the earth, the magnetism of which is supposed to be due to 
dectric currents, passing round it in a constant direction from eatt to 
W€ttj — if, therefore, tho decomposing body be considered as placed, so 

Rthe current passing through it ^hall be in the same direction, and 
el to that supposed to exist in tlie earth, then the surfaces at which 
Electricity is passing into and out of tho substance, would have an 
invajiablo reference, and exhibit constantly tho samo relations of powers. 
anotle is thorcfore, that surface at which the electric current enters : 
the i^^atiee extremity of the decomposing body j is where oxygen, 
ne, acids, &o., are evolvod ; and is against or opposite tho positivo 
e. The cathode is that jsurfacc at which the current leaves the 
posing body, and is its positive extremity : tho combuetiblc bodies, 
etab, alkalies, and bases are evolved there, and it is in contact with 

»iegative electrode. Thus, Fio. 137. 

ig. 137, if we suppose a ^ >6 

nt of Electricity traver- 
a wire in tho direction W" 
of the darts, and entering at 

£, then, on separating the W^ ^ B' 

wiree atp, p'p" would become its electrodes : />' would be the aneUc^ 
trwU or omitting electrode, and ;;" the Cfithelectrodet or reoeiving eleo- 
E b^og tlie wire connected with the last actiee copper plate, 
the wire connected with the last c^ttte zinc plate of a battery ; 
f we suppose the chain of small circles to represent tho fluid under 

position, A will be its anode, and C its cathode. 
17) Compounds directly decomposable by the electric corrent ocq 
wUciroijfiet^ from ^Xti^rpov and Xvw to ael froe>— \o «UctTolyz« % 
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body 13 to docompo«c it eloctro-cliCTnically : tiie elements of an elpt-trDlytff 
are termed ions, from liv, participle of the Tcrb el/ii to go ; anutn$ arc 
tlio ioos ^'liicb make ttieir appearance at tho anodc\ ami were fonnrrly 
termed the electro-negative elements of the compound, and cation* 
are the idna V'-hich mnkc tliclr appearance at the cathode, and vera 
termed the electro-positive elements. Thus, chloride of load is an irfar- 
/iv/y/fl, and when elect roh/z^fl evolves two ions, chlorine and lead, lh« 
former being an «7mV», and the latter a cation: WTiter ia an olectroljie, 
evolving likewise two iona, of which oxygen is the anion, and hydnigca 
tho cation : munatic acid is likewise electrolytical, boracic acid on lb» 
other hand is not. 

(318) Afr. Daniell proi>o3es further to distingnifili the doors by which 
the current enters and departs, by the terms zincoth and f4atino4c^ tlie 
former being the plate which occupies tho position of the generating 
platu in the batter^', and the latter of the conducting pUte ; whvu wattf 
is decomposed, therefore tho last particle of oxygen gives np ita chargo 
to the zincode, and the last particle of hydrogen gives up its charge U> 
the platinode, each passing oflF in its own elastic form. 

(319) The chemical power of tho voltaic pile was disciivered and 
described by Messrs. Nicholson and Carlisle, in the year ISOO. Waltr 
was the first substance decomposed. In 1606, Davy communicatiid U 
the Royal Society his celebrated lecture " on some chemical ogcncie* of 
Electricity," and in 1807, ho announced tho grand discovery of the 
decomposition of the Bsced alkalies. The years from 1831 to 1840, m 
marked in scicnco by the publication of the masterly Rcscarclm of 
Faraday, in which, much that was bc-foro uuiiitcUigibk* has not only 
been explained and enlightened, but a now character has boon Btani]ied 
on electrical, as connected with clicmical science. Of these remarkablo 
essays, it has been said that in point of originality of talent, and |K*r- 
Bpicuity, ttiey rank among the first effurts of philosophy of the age, if 
indeed they do not surpass all others. 

(320) Wlicn water and certain saline solutions are made part of thv 
electric circuit, so that a current of Electricity may pass through them, 
ihoy ore decomposed, that is, they yield up their elements in ubi'dicaov> 
to certain laws. Water is resolved into oxygen and hydrogon gas<% 
Olid the acid and alkaline matters of tho neutral salts, which it holds 
solution, are separated, not in an indiscriuiitiate inamier, bnt tho 
and acids ore always developed at tho anode, and tho liydro; 
alkaline basos are given off at the cathode. If pure water bo submit 
to the acliuu of the current, in consequence of its bad condncli 
it is decompost^l with great difficulty ; but a greatly iiicruajrod l ■ 
power is however given to it by the addition uf salts, and {MulicuUrty 
by snlphuric acid, though that compound ia nvt it»olf capable uf dootro* 
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One essentia] condition of doctrolysia is liqnidity : and the 

rrent of a powerful battery will be completely stopped by a film of 

ice, not more tliao one-six tcctitb of an inch in thickness.* To decompose 

dulated water, it may be confined in a glass tube, seated hermetically 

one extremity, and made part of the electrical circuit by mcauH of 
^Id or platinum ^vires, or arranged as in Fig. 138, Fio. 138. 

the wires being about a quarter of an inch apart. 
M'bcn the tube ia abuut half full of the mijccd 
gMCB, if a spark from the clectropborus (Fig. 10,) 
be passed between the wires, an explosion vnll 
tsike place, and if care be taken to prevent any 
escape, by the expansion, tlic tube >vill bo re- 
filled with water, that fluid having been re- 
produced by tlic explosion. If two glass receiving 
bo emj)loycd, one over either electrode, gas 

1 be collected in each j but tliat in the tube over the cathode will be 
rather more than double in volume than even the anode, the funuer being 
bydrogcn, and the latter oxj'gen. Now the hydrogen and oxygen gases 
are to each other in water exactly as two to one, by volume : and the 
reason they do not appear precisely in this proportion in the electrolysis 
of that fluid is because oxygen is partially soluble. By referring to 
Fig. 1 35j it will be immediately seen how it is that there is no visible 
tmnafer of the oxygen and hydrogen : if the electrodes were several 
inches apart there would be no appearance of decomposition between 
them. The oxygen a, of the atom of water a' t\ under the super- 
inducing influcuca of the current, is transferred to the hydrogen ^, of 
the second atom of water a : the oxygen of this second atom is in 
Kke manner transferred to the hydrogen of a tliird, and so on till the 

' ^ -de P is arrived at, against which the oxygen of the last particles is 
. I, having nothing to combine with. 

(321) Take a syplk on-shaped tube, and, placing its bent part in a 
wine gloss for support, fill it with the blue infusion of red cabbage ; 
then put a few crystals of some known salt, such a.s sulphate of soda, 
into the tube, and electrize the solution. In a short time the liquid 
acuest the cathode of the battery, will become green, indicating the 
pRseDGO of free alkali ; and the liquid nearest the anode will become 
red, showing that an acid is present : reverse the direction of the cur- 
rent, nnd the colours will also gradually bo reversed. Tims stilphato of 
K>da is an Electrolyte, the onion of which is sulphuric acid and the 

eoda ; and in all salts decomposable by the voltaic current, the 
to the anode, and the base to the cathode. 

(322) If two glasses be taken, both being £lled with the blno infu* 
* FaradBy'k Bxpsrimeulol Uowarebcs, 361, ct teq. 
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btana wum areKaled, be 
199, jb4 tbe two ghai.i wwiwtid te 
by ft jljlaB TpboB flU wHfa ttia fiqoid 
etrmag the nbtiea, it w31 be IdukI 
■otwithstaaifiiig ibey an ia mymMkm we^ 
tbe Mae Uqaor w31, m bcfofe^ be tmwit 
veA aad gveen ; aod if the expoiiaent be ooo- 
timed rofficiently long, the sDufi of the salt 
win be fouDd to have |inm'itl from P to !i, 
end the edd from X to P, the aod end 
alkefi ^)pearing to traverse tbe STphoa in 
eppOi it e directions. It was bence inferred, 
that under tUe injiume^ <if •Uetrieol ^tirattixm^ 
affiiiitUt ar^ twpended ; bat the aniae ezphunb 
for the phenomenon of the decomposition of 
line of particles of sulphate of soda exiMid from 
other ; aod it is by a aeiwi of deootnpottUoiy ani 
the effect is produced. 

(323) In Tarioos experimcnta of decompoin 
apparatus of which Fig. 140, is a eVetcb, will 
be found exceedingly useful. It is a cell of 
pfaite gbui, made by eementin^; five piecve to- 
gether with transparent Tarnish, and support- 
ing tbem upon a wooden foot, in which they 
are fostoned. The cell is about 6vo or six 
inches long, and an inch broad, and may be 
divided into two parts by the insertion of the 
temporary diaphragm a, which is a small frame 
of cane with miiBlin stretched over it. When 
tills is in its place, a wpnrate electrode may be iiiircKlnccd on each side- 
of it; tliey may moat conveniently consist of two pieces of lliiii 
num foil, about four inches long and half an inch broad. 

To show the evolution of chlorine at the anode or posiiivc |iolc, 
the glass cell with weak salt and water, acidulated with muriatic act* 
and coloured blue by a few drops of the sulphuric solution of iodij 
then introduce tlie eloctrodes. In a few minntcs the anodic diviaioi 
will l>o found to lose colour, and will finally become colourlesa, owii 
to the aoiiaration of chlorine, which by its bleaching poweza 
the blue of the indigo. 

The pruscuoo of uncombined iodine may bo di'monstratcd, by filling 
riio coll with a weak sfdnlion of ttarch, to which a little cummon 
and iodido of potOAfciuni havo been added ; then on paiwing the 




(hroiigti Uie lit^uid, the iodine will sbow jteolf at tho anode by 
nl blac colour, it being the property of this singular snbetAnce 
a fine deep blue colour with starch. ^ 

A sab«taDc« cannot be transferred in the electric current be- 
r point where it oesaes to find particles with which it can oom- 
ad it cannot bo too strongly impressed, that electro-chemical 

Dsition does not depend upon any direct attraction or repulsion 
by tho metallic terminations either of tho voltaic battery, 

be ordinary electrical machine. The beantiful oxporiments of 
f in wliich air was f>hown to act aa a pole, have been quoted 

132) : iu the following equally beautiful experiments,* the de- 

ilion of suljiliate of magnesia against a surface of water, is most 

porily shown. 

) A glass basin, four inches in diameter, and four inches deep, hod 
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of mica, a, (Fig, 141)» fixed across 
KT part, so as to descend one inch and 
Mow the edge, and to be 'perfectly 
ght at the sidea. A plate of platinum, 
inches wide, was put into the basin on 
of the ^Tision a, and retained there 
fi block below, so that any gas produ- 
t in a future stage of tlie experiment, 
^ot ascend beyond the mica, and cause 
in the liquid on that side. A strong 
of sulphato of magnesia was caro- 
ired without splashing into the basin 
rose a little above the lower edge 
lica division a, great care being taken 

gloss or mica, on tho unoccupied or e aide of the division 

gnre, should not be moistened by agitation of tho solution abovo 

to which it rose. A thin piece of clean cork, well wetted in 

water, was then carefully and lightly placed on tho sohition nt 

le, and distilled water poured gently on to it, until a stratum, 

hth of an inch in thickness, appeared over tlie sulphate of mag- 

All was then left for a few minutes, that any solution adhering 

cork might sink away from it, or bo removed from the water on 

it DOW floated ; and then more distilled water was addo<l in a 

- manner, nntil it reached nearly to the top of the glaas. In this 

olution of the Hulphato occupied tho lower part of the gloss, and 

e tipper on the right-hand side of the mica; but on the left-hand 

the division, a stratum of water from c to J, one inch and a-half 

thf reposed upon it, the two presenting, when looked through 

* Ftrmday't Exp. Researches, 404. 
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horixontftllf , a comparativfly definite plane of cootacL A arcooit 
tinum polo Cy was arranged so aa to be juat under the soxfiux* ol 
water, in ^ position nearly horizontal, a little inclinatioa beiof^ gi^ 
to it, tliat gas evolved during decomposition, might escape* Tbc 
immersed was three inches and a-balf lung by one tooh wide; 
fthout seven-eighths of an inch of water intervened between h and 
uulution of snlphatc of magnesia. 

(32C) Tl)c hitter pole e, was now connected with the negaUv« and 
a voltaic battery, of forty pairs of plates, font inches square; wHI 
the former pole 6, was connected with tlte positive end. There 
action and gas evolved at both poles ; but, from the interveniion of 
pure water, the decomposition was very feeble, compared to what 
battery would have eflVeted in on uniform solution. After a wh2e] 
(leiM than a minute) magnesia also appeared at Uie negative side. It 
did not maJca it* appearanof at the ncffathe tfictallit poU^ bui «it 
itatfry at the place where tlie solution and the water niet; and 
looking at it horizontally, it could be there j>erceivcd lying in the 
upon the solution, nut rising more than a fourth of on inch above tbe^ 
latter ; whilst the water between it and the negative polo wac pn^ 
fectly clear. On continuing the action, the hubbies of hydrogen, tidstg 
upwards from the negative pole, impressed a circulatory movement ua 
.the stratum of water, upwards in the middle, and downwards at tliej 
side, which gradually gave an ascending funu tu the cloud of magi 
in the part just under tlie pole, having an appearance as if it were 
attracted to it ; but this was altogether on effect of the currents, aalj 
did not occur till long after the phenomena looked for, were aatu£ic«] 
torily ascertained. 

(327) After a little while the voltaic commnnication was broke 
and the platinum polos removed with as little agitation aa possible' 
from the water and solution, far the purpose of examining tho liipiid 
adhering to them. The pole ff, when touched by tunjieric paper, gafo 
nu traces of alkali ; nor could anything but pure water be found apun 
it. The polo by though drawn from a much greater depth aud quantity' 
of fiuid, was found »o acid as to give abundant evidence to Ul 
paper, tho tongue, and other tests. Hence, tlieie had beim nu uila*| 
ference of alkaline salts in any way, undergoing first decompoutioct, j 
and then cauaing the itojmration of the magnesia at a distance from 
pole by mere clicmical agencies. This experiment was repeated 
and again, and always satisfactorily. 

(338) Tims it is clearly shown, that both water and air may ol 
as a jDo/<t, and that one eUmetU vr j/rtnctf/U only has no power of 
fefODce, or of pajssing tow:irda either ]«'le ; and licnct- tlierc apprar* bat' 
little toaaon tu consider tho phonomcna of clootio-chomicol dccompoti- 
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liDD, as tluo to Iho aUractwn or attmctivo powers uf the metnllic tcrmi- 
naiiuns of tlie battery. Indeed, if, in accordance wth tlic aisiial theory, 
a |iit>cc of platinum be supposed to have sufficient power to attract a 
particle of hydrogen from the ]>article of oxygen with which it was Iho 
instant before combined, there seems, as Faraday has observed, no sufH- 
ricDt reason, nor any fact, except those to be explained, which show 
why it should not, according to analogy with all ordinary attractive 
forces, as those of gravitation, magnetism, cohesion, chemical afii- 
atty, &c. retain that i>article which it had just before taken from a dis- 
tance, and from previous combination. Yet it docs not do so, but 
allows it to escape freely. 

(339) It would not be possible, perhaps, to bring forward a moro 
instructive, or a more beautiful instance of the trantfer of elemnU*^ and 
ihar progress in opposite directions, parallel to the electric current, 
than is furnished by chloride of tilver when decomposed by silver-wire 
poles. Upon fusing a portion of this compound on a piece of glass, and 
bringing the poles into contact with it, there is abundance of silver 
evolved at the negative pole, and an equal abundance absorbed at the 
posittve pole, for no chlorine is set free ; and by careful management 
tlw negative wire may be withdrawn from the fused globules as the 
salver is reduced there, the latter serving as the continuation of the pole, 
until a wire or thread of revived silver, 6ve or six inches in length, is 
produced. At the same time, the silver at the positive pole is as ra- 
pi<lly dissolved by the chlorine^ which seizes upon it, so that the wire 
haft to bo Continually advanced as it is molted away. The whole expe- 
riment includes the action of only two elements — silver and chlorine. 

(330) According to the theory of Faraday, no element or substance 
can bb transferred, or pass from pole to pole, unleiss it bo in chemical 
relation to some other element or substance tending to pass in the op- 
posite direction, the effect being essentially due to the mutual relation of 
such particles. Thus, pulverized charcoal, or sublimed sulphur, diffu&ed 
ihrongh dilute sulplmric acid^ exhibits no tendency to pass to the negu- 
tive pole, neither do spongy platinum, or gold precipitated by sulphate 
of iron, yet in these cases the attraction of cohesion is almost perfectly 
overcome ; the p.articlcs are so small as to remain for hours in suspension, 
and are perfectly free to move by the slightest impulse towards cither 
polo ; and if in rehtion by chemical a6Rnity to any substance present, 
arc powerfully determined to the negative pole. 

(331) In Davy's celebrated paper on **Sonie Chemical Agen- 
^M of Electricity," read before the Royal Society, November 20ili, 
1800, the following experiments on tho passage of acids, alkalies, 
and other substances through various attracting chemical roen- 

Blrua, are Aescnhcd : "Au arrangement waa TnoAe, c«^u&\«^^^S^ ^^- 
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three vessels, aa shown in Fig. 142: 
aolution of sniphate of potash waa 
placed in contact with the negatively 
electrified point, pure water ¥raa 
placed in contact with tho positively 
electrified point, and a weak solation of ammunia wat» made Ute ntiddln 
link of the conducting chain: £0 that no sulithuric acid could pawto 
tho po&itivo point in the distilled water without pausing tlir\>ugfa Uit 
solution of ammonia : the three glasses were connected together hj 
pieces of amianthus. A power of 150 pairs was used : in less than firs 
minutes it was found, by means of litmus paper, that acid was collecting 
round the positive point : in half an hour the leeuU waa sofficMBllj 
distinct for accurate examination. 

'-*' The water was sour to the taste, and precipitated solution of njizktt 
of baiytcB. 

'* Similar experiments were made with solution of lime, and wsak 
solutions of potash and soda, and tho results were analogous. liVilfa 
strong solutions of potash and soda a much longer time was required for 
the cxhihition of the acid ; hut even with tho most saturated alkaline 
lixivium, it always appeared in a certain period. Aluriatic acid, from 
muriate of soda, and nitric acid, from nitrate of potash, were transmitted 
through concentrated alkaUne menstrua under similar circumstance. 
Wlien distilled water was placed in the negative part of the circuit, 
and a solution of sulphuric, muriatic, or nitric acid, in the middle, and 
any neutral salt with a base of lime, soda, potash, ammonia, nr mag- 
nesia, in the positive part, the alkaline matter was transmitted thmugh 
tho acid matter to the negative surface, with similar circumstanors to 
those occurring during the passage of tho acid through alkaline men- 
strun ; and tho less concentrated tho solution the greater seemed to bs 
tlie facility of transmission. 

*■'■ I tried in this way muriate of lime with sulphuric acid, niimto of 
potash with muriatic acid, sulphate of soda w^ith muriatic aoid, lod 
muriate of magnesia with sulphuric acid ; I employed the power of 
150; and in less than forty-eight hoars, I gained in all these 
decided results ; and the magnesia came over like the rest. 

**Strontttes and harytes passed like tho other alkaline substanon, 
readily through muriatic and nitric acids ; and vioo viits&, thoso add* 
passed with facility through aqueous solutions of baiytes and utroniitsi ; 
mt in experiments in wliich it was attempted to pass sulphuric ftcid 
Jirougli thii tame tncMtrttft, or to pass barytoe oratrontita thninck 
.his acid, tlic ropults were very different. 

solution of Bulpliato of potash was in the negative part of tlw 
lc<l water to the positive ^ari, and a«ali ' Intian of 
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the distilled wutcr after thirty hours, the power of 1 50 being used : 
after four days sulphuric acid appeared, hut the quantity was extremely 
tninute: much sulphate of barytes had formed in the intermediate 
vessel : the solution of barytes was so weak as barely to tinge litmuB, 
and a thick film of carbonate of barytes had formed on the surface of 
the fluid. Witli solution of strontitea the reafolt was very analogous, 
but the sulphuric acid was sensible in three dayK 

*' When solution of muriate of barytes was made positive by the 
power of 150, concentrated sulphuric acid intermediate, and distilled 
vrater negative, no barytes appeared in the distilled water, when the 
experiment had been carried on for four days ; hut much oxymuriatio 
acid liad formed in the positive vessel, and much sulphate of barytes 
had been deposited in the sulphuric acid." Fio. 143< 

(332) Sulphate of barytes maybe de- 
composed by employing two insulated 
discs of platinum, as in Fig. 143, one of 
which is to be put in communication with 
the negative, and the other with the posi- 
Uto end of the pile : on each of these a 
few grains of finely powdered sulphate of barytes, moistened by a drop 
or two of water, is placed, and the discs connected by a few filaments of 
wet cotton, they should be within half an inch of each other : in a few 
minoies barytes will be evinced by test papers at the negative disc, and 
sulphuric acid at the positive. 

(333) Tliese experiments of Davy's excited at the time they were 
announced the utmost astonishment, and the only way by which they 
could l>o at all explained, was by supposing that throughout the whole 
circuit the natxiral affinities of substances were suspended and destroyed ; 
but that which made the teondeTy is, in fact, the eawntial condition of 
trmnafcr and decom position, and the more alkali there is in the course of an 
acid, the more will the transfer of that acid be facilitated from pole to polo. 
The instances in which sulphuric acid could not be passed through 
bwytes, or barytes through sulphuric acid, enter within the pale of the 
!mw established by Faraday, by which liquidity is so generally required 
for conduction and decomposition. In assuming the solid state of ««/- 
ph4ite of barytes these bodies became viitnally non-conductors to Elec- 
tricity of so low a tension as that of the voltaic battery, and the power 

the latter over them was almost infinitely diminished. 

(334) When the material out of which the poles are formed is liable 
to Uic chemical action of the substances evolved, either simply in conse- 
<|aenoe of their natural relation to them, or of that relation aided by the 
inHwiDoe of the current, then they suflfcr corrosion, and iVvo ^''^^ ^^^ 
voiivt/ arc subject to transference in the same mannet aa tVe \t(M<\t\<s ^1 

tiw body onginailj- under decomposition. Thua pValvnunv Wa\^ \SkaA» 
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>«l, tike Ho^^tf bene kft < 
tk> gnaoMBl pHl«r Ike take «, » 

W broken, by^ ranvnog tbe wizcs 
iHlb Ai; tW rtoppw r Rfihftd, and tbeante 
fikd, ay ^soptny UMfiaiBg tbe lailnH 
ft Kooad ■MBue of gM k tbca ooi* 
ott f w f»f W i rtLn; tbe cbcoit, nd «> 
on- Fig. 145, i* mnoUter very oiefttl fonB of 
ifak tiistnimc*nt, to which iu mvCBtot km 
tlic unmc of Ihe V'olU-EUctmMltt. 
(330) Bjr a Mirie«i>fexprrifncnUiiMde with 
■ralus, under a t--^- f fonna, wUH 
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a of variouB degrees of etrengtb, it was proved that tewter, W<*n 
to tke ittfltumc^ of the el^tric current w decvrnpotKut in a fjnantitt/ 
ly proporiutttau to th^ ^ttantitt/ of El^tricU*^ fcfiieh j>atHe$ ihrougk 
t, what«rer may Ik.« tlie varutions in t!ie couditions and circumslanceB 
indcr wliich it may be placed ; and hcucc, that tUc instrument may be 
mplo3rod villi contidcncc, as on exact measurer of Voltaic Klec- 

7) A detail of one experiment with protochloride of tin.* will bo 
t M on example, botli of definite electro-chemical decomposi- 
> and of the masterly method of examining the question which was 
by thia celebrated electrician. A piece of platinum wire had one 
ity coiled into a small knob ; and baring been carefully weighed, 
tcaled hermetically into a piece of bottle-glass tube, «o that tho 
lb fiJjoold be at the bottom of the tube within. Tho tube was ^wsr 
pended by a piix^c of platinum wire, so timt the heat of a spirit-lamp 
ooald be applied to it. Recently-fused protochloride of tin was intro- 
duced in suBicient quantity to occupy, when melted, about one-half of 
the tube. The wire of tho tube was connected with a volta-eleotro- 
meter, which was itself connected with the negative end of a voltaic 
batter^' ; and a platinum wire connected with the positive end of the 
eamie battery, was dipped into the fused chloride in the tube, being, 
ver, so bent, that it could not, by any shake of the bond or ap- 
us touch the negative electrode at the bottom of tlie vessel. Tho 
e arrangement is dcUneated in Fig. 146. 



1^6. 





[338) Under these circumstances, the ohlorido of tin was dccom- 

; the chlorine evolved at tho positive electrode formed bichloride 

[tin, wliich passed away in fumes ; and the tin evolved at tho negn- 

elcctr*>de combined with the platinum, forming an alloy fusible at tho 

ipcralure to which the tube was subjected, and therefore, never occa- 

ling metallic communication through the deoonipofling chloride.— 

ica the experiment had been continued so long as to yield a reoson- 

r* quantity of gas iu the volta-electrometer, the buttery connexion was 

kCn, and the pomtivc electrode removed, and the tube and i\^wm\\\wi;L. 

*Fiirad»y'» Experimental Researches, 1*^^. 
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clilorido allowed to cool. When cold, the tube waft liruken open, ibi 
rest of the chloride and the gliua bciug eaaily sepaiable from ibe pUli- 
num wire and its button of alloy. The Utter, when washed, was tha 
re-weiglted, and tlie increase gave the weight of tlie tio reduced. 

(339) The followtug ore the particular results uf one ez|ien]ueDt : — 
The negative electrode weighed at 6rat 20 grains : after the ezpctK 
raent, it, with the button of alloy, weighed 23*2 gre. The tin cvul\fd 
by the electric current, at the cathode, weighed therefore 3*2 gniu. 
The quantity of oxygen and hydrogen collected, in the Tolta-elcctio- 
roetcr = 3*85 cubic inches. As 100 cubic inclics of oxygen and hydii>- 
gon, in the proportions to form water, may be considered aa woiglting 
12*92 grains, the 3*85 cubic inches would weigh 0*49742 of a grain: 
that being therefore the weight of water decomposed, by the samm Hm- 
tric current, as was able to decompose such weight of pratocltloridc of 
tin as could yield 3*2 grains of metal. Now 0-49742 : 3*2 : : 9 (Um 
equivalent of water) : 57*9, which should therefore be the equivalent o( 
tin, if the experiment had been made without error, and if the electro- 
chemical decomposition m in tftis e<ua alto ti/jiniu. In some chemical 
worlcs, 58 is given as the chemical equivalent of tin ; in uthcrs, '/T'9. 
Both are so near to the result of the experiment, and the experimat 
itaelf is so subject to slight causes of variation, that the numbers loaTO 
little doubt of the a)iplicability of the laic of iitjinit^ action in this and 
all similar cases of decomposition. Chloride of lead was experimented 
upon in a manner exactly similar, except that pltimUi^ was sabstifcated 
for platinum, as the positive electrode. The mean of three cxjirHmsnts 
gave 100*85, oh the equivalent for lead : the chemical <s^uivalent is 
103'5, the deficiency being probably attributable to the solution of part 
of the gas in the volta-electromoter. 

(340) In some experiments several substances wore placed in siioeea* 
sion, and decomposed simultaneously by the same electric current : thus 
protochloride of tin, chloride of lead, and water, were actod on at onw, 
the resolts were in harmony with each other : the tin, lead, cMkum^ 
oxygen and hydrogen evolved, being dejiniu in t/tutntity^ and deolnv- 
chemical equivalents to each other. 

(341) By these and numerous other experiments, an irr««Mtlc 
mass of evidence was produced to prove the truth of the imporUat pr^ 
position, that tlio chemical power of a current of Electricity is in direct 
proportion to the absolute quantity of Electricity which pa«s«a (336), 
which also is not merely true with one substance, oe water, but gcBfr- 
rally with all electrolytic bodies ; and farther, that tht femlU obtatnvd 
with any oiie $uh9tnnce^ do not merely agree amoDgrt thflOialvca, W 
also with those obtaiued from other rtiUtancetf tho whole corabiatng 
U^ther into oius Maries of (UfiniU tltciro'chmnioal ocCioru. 



l.ECTtUE V. 



£09 



(342) Hie fullowing in a summary uf ceiiain points respecting eloc- 
troJytcs, ions, and elcctro-clicmical equivalents, developed by Dr. FaiA- 
dftjr, and given iu the seventl! serica of hia Experimental Researches :• 

i. A single ion, that is, ouenot in combination with another, will havo 
oo tendency to pass to either of the electrodes, and will bo perfectly in- 
diflcrcnt to the pasaing current^ unleiiB it be itself a com[>ound uf more 
dementary ions, and itSL'lf subject to deconipoeition. Upon this fact is 
foonded much of the proof adduced in favour of the new theory of 
ck^ctro-chemical decomposition put forward iu a former series of theflo 
fietevohea. 

ii. If one ion be combined in riglit proportions with another strongly 
opposed to it in its ordinary chemical relfitiona, that is, if an anion bo 
eombined with a caihion, tlien both will travel, the one to the anode, 
and the other to the cathode of the decom]>o8iDg body. 

iiL If therefore an iiin pass towards one of the electrodes, another ion 
must be also passing simultaneously to the other electrode, tliough from 
secondary* action it may not make its appearance. 

iv. A body decomposable directly by tho electric carrcnt, that is, an 
eleetrolyte must consist of two iijas, and must give them up during the 
proGcas of decomposition. 

T. Tliere ii but one electrolyte composed of the same two elementary 
idiia, at least such appears to be tho fact, dependent upon a law, t/iat 
cniy nnyU rUctro-chcmical tquitaUntn of ehmeniary lOw* can ffo to th« 
^tctrodiJt, and not midtipUs, 

vL A body not decomposable when alone, as borncic acid, is not 
dtrectly decomposable by the electric current when in combination ; it 
mfty act as an ion, going wholly to the anudu or caihudc ; but it does 
Dot giro up its element?, except occasionally by chemical action. 

*ni. The nature of the substance of which the electrode is formed, pro- 
vidc«1 it be a conductor, causes no difference in the electro-decomposition, 
either in tcind or degree; but it seriously influences by secondary 
action, tht* statu in which the ious finally appear. Advantage may be 
taken of this principle, in combining and collecting such ions, as, if 
Wolved in their free state, would be unmanageable. 

^i. A substance which, being used as the electrode, can combine alto- 
gether with the ion evolved against it, is also an ion, and combines in 
■icb cases in tlio quantity represented by its electro-cliemical equivo- 
Ifliit* All the experiments agree with this view, and it seems, at pre- 
sent, to result a9 a necessary conscfjueiice. Whether in tho secondary 
action that takes phicc where the ion acU, not upon tho matter of tlie 
tflcotrode, but upon that which is round it in the liquid, the same conse- 
quence foIIovTA, will require more extended investigation to dctctniino. 

• 826, et tea. 
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bdeei. ft bouliCU opnacai a tecfibed b/ Fi 
b vbidt tbv efaemical Mtign of dihite wlpfaiBe and on d2'31 
OM «{al?«kBt of MBalpuBttod bbc» in « flonpla vduio cbcfe, 
•bowB to be able to erol?e ncli quMlily of Efecbvitf ia tbe form of a 
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(boMig in mind tb« dofinitc reUtiofu of Electricity,) that tAs SUrtriatp 
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(34*) Seeon/iary Rstuitt : —In investigating iho acliwu of (ho TOlUfo 
on chtfrnical compounds, it is iniportoot to distio^iali 
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fnlljr between primary and iceondary icsulld. When a subsUnoo 
yielda uncombmed and unaltered at tho etectrodea, those bodies whiob 
bave been B^-paratcd by tbtj electric current, tben tho rosulta may be 
considered as primaiy ; but wben any second reaction takes plaoo, by 
which tho substances, wliieli appear at the electrode?, arc not thoto 
which tho immediate docompoaition of the compounds would produce, 
then the results arc secondary, althongli the bodies evolved may be 
elementary. 

These secondary results occut in two ways, being sometimes due to 
tho mutual action of the evolved substance on the matter of the elec- 
trode, and sometimes to its action on the substances contained in the 
body itself, under decomposition. Thus, when carbon is made the 
positive electrode in dilute sulpliuric acid, carbonic oxide, and carbuuio 
acid occasionally appear there instead of oxygen : for the latter acting 
on the matter of the electrode, produces these secondary results. Or 
if tbo positive electrode, in a solution of nitrate, or acetate of lead, be 
platinum, then peroxide of lead appears there equally a secondary result 
with the former ; but now depending u]>on an action of the oxygen on 
A substance in the solution. Again, when ammonia is decomposed by 
platinutn electrodes, nitrogen appears at the anode ; but though an 
^Umcntart/ body, it is a *ec0tid<t$y tcsuM in this case, being derived from 
tho chemical action of the oxygen, electrically evolved there upon the 
ammonia in the surrounding solution. In tho same manner, wliea 
neons solutions of metallic salts are clectrolyzed, the mctaU evolved 
the cathode, though elements, are always secondary results, and not 
unwediate consequences of the decomposing power of the electrie 
current. 

(3*5) In like manner, those interesting compounds which M. Bec- 
querel has obtained by feeble electric ciiircnts, are of a secondary cha-^ 
racter, and in the theory of electrolytic action must be regarded aa 
cflsontially chemical, and carefully distinguished from those which are 
directly due to the action of the electric current. 

(340) While on the subject of secondary results, I may take occa- 
n to mention some of the beautiful results which Afr. Crosse has 
iued, by long continued voltaic actions. This gentleman has for 
many yoara been engaged with experiments, on the conversion and pro- 
duction of mineral substances, and has succeeded in fonning quartz, 
ftitagonitc, malachite, and a great variety of moat intea'Sting niinerah*, 
by the slow and long continued action of tho voltaic battery, charged 
with pure water only. It was not, however, till the meeting of the 
British Association at Briiitol, in 1830, that the results of his experi- 
ments were first announced to the public by Mr. Crosse ; and it is 
probable tliat his modesty would have prevented him from comiu^ for- 
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I Ifcfl^ hmk hm m^ Wcb vrgvd fay th« scientific entltusiuni of Dr. 

«^ tttftrodBoed ^an to tfae Geological secttoti &» ** a phi^ 

wlio hfti aad* graii disooTcneB b/ the use of s brick with t 

(1H7) WWn «h« wtAim had ibe pleuoTc of visiting DroomfieU in 
I mmmm ^ tibt jtrnt I84S, tbe foDow-ing experimvuta wero in pf»> 

la tm «f«| g^M Ak, of the a^)ttctt3r of about two qturtSf wu 
It, a fist piece of cUy-abite, a few iiiclKf 
lli niddle, and conneciod witb d«e 
^ ^tffer hmtUty^ of tight jiairs of plAtn. 
ft pen of ■MwiKtaun liineetoDe, of a foir oqbm 
flf wUdfc paned a pUttoam ^iro, eon»eetiii{ 
m pafe. nk fltooe vaa prevented from touching iitt 
ol deal, placed as sujiporta. TI10 
vmler, and a stream of gaa was riang 
s' actioB tha negative platinom win 
ite vbole Icngtby under water, iviUt 
^ tbm^ a*d tba poMttve wire had produixd 1 
Vfaa thm part of the liMwiluaii with which it was in c«Q- 
tH^ hmiif «atM iaie it sa aa Id fcia a neck round it. In another 

and carbeBate of lime b^gan to f^m 
«C the eiita^ aa vreQ as over the greater part «f 
•f tha ijhat hada. It ao happened that the noai 
«l»xatod part «f tW 'immmmt alaod perpeBdicularijr above a part of ths 

of bydfogen ga.^ in mtante 
Ettk wan of limcaione alMVi; it 
ItiMiy iihwi this Em of hahUaa exials, aboot balfan inch in width, 
b%Baaqff»aathmatiM f ilanml ciyatols of carbomu^ of limfupan 
IIm IhMMMi^ ani aaaafgriig Um wMe surface ol that pan of it wlikh 
la vK^miA to the caaiaMl af hy tog» gia. The aotnal aias of tbM 
«iyiftaU wbca tha wntst saw tjiwa, was aboat OM-dghth of an toak 
In Im^ ; bal aa it was Mr. C^oasss ialentioa not to inlsffiaawiA 
tlM l»«Kt«« ot ^ •>V*>^<M*^ ^ * ooMidcrabte time, they havv d^ 
llH bmaatad wnch hi «i» «nd beaaiy. 

t^« In a glaaa jar ef spci^g wmla wen placed two paocaa of daf 
helwaaa |h«a a pieae af asyabOnd Baxbooate of stroali^ 
wMi tha posUva pals «f a aolphato of eofiper battery, of «U 
|ia<r» of plates^ the lower alMa bnng in romw iaB with tlio a<;gatii« 
pah»! both slates wate thickly covered with peai)y-vi hite rarboMte «f 
■trontia in a botiyoidal fbrmaftian : tbe glssa was also partiiOy eovctcd 
with itaUctitio oarbcBMte of strontb. This ezpariawat liad Imea goiiig 
on etgbt roontba. 
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^> Id I limilar jar, carbonate of barytes was being positively elec- 

tbe negatiTe wiro and a portion of the slate was ooverod with a 

rol inamtllatGd formation of carbonate of barytea. 

^^- la a similar jar, salphatc of barytcs was being positively olec- 

uod ; the slate waa staddod with brilliantly transparent crystab of 

)hate uf barytea. 

.ft*'. A piece of solid opaque white quartz, suspended in a glass basin, 

irith solution of pure carbonate of potash, was kept positively 

rified by a similar battery, a siniilar piece of quartz being in the 

manner kqjt negative. Some small pieces of qnarti wore placed 

the two : there woe a considerable formation of minute 



\) Among other experiments suggested to the writer, by his visit 
cornfield, tlie following are worthy of being recorded : — 
Two pieces of white marble placed horizontally in a gloss basin, 
mnected by platinum wires with the positive and negative termi- 
of a battery of tn'enty pairs, in glass jars, charged witli salt and 
Tlie basin is filled with spring water; the experiment has been 
ig on six months ; the positive marble is cut nearly a third through 
ita thickness; and the edges of the negative marble, and the negative 
side of the basin are covered with crystals. There is a strong smell of 
chlorine proceeding from the water, evidently occasioned by the decom- 
pention of the chlorides contained in it ; and there is no doubt, as Mr. 
Craese rentarks, that this small quantity of chlorine which is evolved at 
Ike pooitire pole, lends very material assistance to tlio transference. 

2^. A similar battery is acting on a piece of momitain limestone at- 
tacbcd to the positive polo, a strip of slate being connected with the 
D^fttive ; after the lapse of six monthfi, the action on the limestone 
bM been very great, the platinum wiro being completely buried, while 
Ibe oegfttive alate is beginning to be studded with crystals. 

3*. To the positive pole of a battery of twenty pairs, ctiarged with 
■Jt and water, is attached a crystal of sulphate of barytcs. This lesta 
on the bottom of an inverted gallipot, which is placed in a large glass 
jar filled with spring water : a piece of common slate, attached to the 
negative pole, rests also on the pot, at about half an inch distant from 

tsalpliato of barytes. After six months' action, the negative side 
le gallipot has become etnddcd with baamiful transparent ctyttaUy 
ly of which can be distinctly pronounced to be four-sided, and tabu- 
lar. Those crystals are rapidly increasing both in size and number : 
tb« glue jar itself is also beginning to be crystallized upon : there are 
yet formed on the slate ; but there is an amorphotis deposit 
iMgmtive wire. 
i^. Under similar circumstances (except that instoad of a galli]>ot, 4 
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• crfcift] of sulphate of iliuntk a 

■s it A maSht iatamiioa uf inosjnffnt 

«f ikamvBttdjktyandalflo over tbtfldt 

the wWbkcoabiMd. TUe odoar of cUoriiB 

9mA stmata kepi pontirely ticctniicd 

Kua, liare Iraxurcned 

of Ukt Uum : &ud in lli« CM) of 

k m^ Uiickly studded : tfei 

^ttf poverl^ 

viiAoMf ft 1iqU» in tb« Ui* 
«l coBHMii rad-brick, and plmxd on tv9 

pu: th* poi ia k«pt iiy 

back every monmi; 

4» Mvtivtt caEtnnatf of » sdt-and-wsur 

is Unee aoTMs of |w«&ty pain «Mh, 

of bck^ aboot tktee iscbot bcneatb lb»fln^ 

lb* tg e ti TO cztrcniity, ore twwttfd 

tbe pot A few cUfs ifta 

«f Ibe «EXperiMiBS) a "fen^f odour of chJoriao vm 

Ibe bpae of ioox luoothfi, then tt 

of ■obeaBte «f loBB flB tbe at^ftive side of tho pot, 

of brick, bat all over tbe ottinde of tbe pol, 

of tbe poa and tbe cr«oUe under tbe negalm 

Wilblbtaidefa kM. • hip Mramoklioa of mmOI nyalab if 

0fliMi.cMibaeenbK«eatttfaeiBlmtMeB0f tbe bricks. 

lofi&ed icpdkioa of ana 1 mw at Broumfidd, 

Ift a laifi^ wmaaa^ K^>*mI n'tBiK'Pft^ ^^BmA witb tbe apriug-waia 
of tbe cevalix, a eeanett ted brkk warn laid boriaontaUy, rocU end 
fMliBf ea a balf-brick «f the eaiae aoit. Tlie two cada of tbe bii^ 
we eoBMiltd RHpeetively whb tbe povtivv and aeptita tetmlaatioBi 
of a wilpt iat B of eopp«r battety. of aiae p«iv of aiao-ioob pbtea : tka 
appiraaifiM* of tbe btkk wae eoTeted with dear rifw^eaaiL Ai U» 
twiaiaaliini of a ^aaiter uf a yeai^ tbe ap|Mnatm was takn apart^ and 
Ibt foDowiBf nkMnaifcuiiii weta BMde : — 

On attaaiptiag to lift tbe wbob bcick from tbe two b^f-bricka that 
avppcfted It, H waa foawl» Ibal wbik tbe poBitive end waa caaUy nr 
morcd frtxu tbe bfi^ bdow it, tbe ac|^ve ead requnod «oiim Uttk 
$MK9 to •eparate it from ita sapport ; aad wbea tbe two wow wnncbad 
•aoadcr, it was obmured that tbcy bad boon pMliaUy oaacoted togMbn 
by a tolerably lar^ge suHaoe of boaotifal mow-wbito ciyvtAU uT arraf^' 
atA^ thickly ttaddiag that pact of the bnck k gruapn, iKo ctyatab of 
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ndiattDg from tlieir respective ceotres. Ilero and tlicro wcro 

led in some of the liUle recesses iu the brick, clevutcd groups of 

le arragonitc, meeting together in a i>yraini(lal fonn in the cen- 

whilo in the open spaces between, were some exquisitely-formed 

'staU of carbonate of lime, in cubes, rhumbuids, and more particn- 

rly, in short six-sided prisms, with flat teruiinationa, translucent and 

[uo, safHciently large to determine their form, without the use of a 

Tlie positive end of the brick, and that which supported it, were 

covered witli crystals, much smaller, and apparently of a diilerent 

On emptying tlio water from the pan, there was found at ita 

[ve end, at tlio bottom, a very large rjuantity of snow-wliitc carbo- 

uf lime to tlie extent of some ounces in weight, in the form of a 

itty powder in minute crystals. Threo-fourtbs of the wlioie interior 

the pan were covered with myriads of crystals of carbonate of lime, 

firmly adhering to tiic pan, aa not to be separated without the aid of 

acid. 

(349) Of the action of a weak acid on limestone, when concentrated 
the positive pole, Mr. Crosse showed mo the following pretty appli- 
lon :— 

a saucer, filled with a concentrated solution of nitrate of potash, a 
Lt, polished piece of white marble wns placed ; and upon the middle 
of the marble, a common sovereign, with its reverse in contact with the 
rblc, and having a stout glass rod supported perpendicularly on the 
in, to keep it in its place. Between the rod and the coin was affixed 
Lplatinum wire, which was connected with the positive polo of a sul- 
latc of copper battery, of eight pairs of plates ; while round the mar- 
but not touching it, was a coil of similar wire connected with the 
btive pole. The nitric acid was soon separated from the potassa, 
td attacked tlio marble in contact with the sovereign ; and at the ex- 
Iration of three days, the coin tcax perj'ta'Ut/ cfnlt'/ftl^d in Uie marhlc 
The experiment was then put an end to ; and the marble being taken 
it and inverted, tho sovereign fell out of its stony receptacle, leaving 
lorably perfect impression on the marble. A very singular result 
jk place, when the water in which the nitrate of potasli was dissolved 
a very minute quantity of hydrochloric acid added to it, the end of 
gUas rod, for about an inch in length, being ground. In the course 
of tlireo daj's the gold was slightly acted on, nnd the whole ground 
of the glass rod was evenly and tolerably permanently gilded, 
gilding eventually extended above the level of tho fluid in the 



(350) It was in the course of hia czperimcntson olcctro-crystallisea- 
ihat that extraordinary iosect about which so much public 
curiosity hod been expended, waa first noUcod by Mi. CtomA. Vii 
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Iho rnggeaiMan of Mr. Csomt, that 
ble .dectricttn Mr. Week«, of Saadwkfc, ia 
Kent, repaUedBoiDo of thse csperiDat^ by 
paKi^ eaiRiitB of Ekectrioty tbro«gli veawb iUed with sohitiooi «f 
mficftte of pctuh ondcr gbss rccei^efB i&Toclcd orrr nxTrmy, thi 
grwteit poaaible care bang takoa to abut oat eztcweoas master ; afid 
maoneoiMtpreTioiidy filfingthereodwa wIUi oajgngiib Thoraialt 
haa been, that after an tnuDterrupted actioii of opwarda of a year mMtfi 
AoM made their appearayiu^ in every r4$p^ p^fftdiy rmtm Uiny tkm 
icAicA occurred in th^ BroomJieU exjm i mmti^ as the vm%» euk Utl6ff^ 
having had many opportunities of examimng each tbnni^ a powvftd 
microscope. In some recent experiments of Mr. Wockea\ the attiiM 
bos made ita appearance in solution of ferrocyonaret of poUMahuo. 

(352) In the Transactions of the ElectricaJ Socictr* tbs raider wffi 
find a full and mo«t explicit account of the arrangcmente of Mr. WeciWb 
together with a statement of all the pre>cantioi)a adoptod to aTOid unibi* 
guity ; and it may here be added, that the writer lias experisMntB ia 
progTMi, the •ilica employed in which hoB been donTcd (nm tbio 
eonroee : 1, f^om pure tmnsparcnt rock crystal : S, from the deeonptK 
aition of aiiicated bydro-fluorio acid : and 3, from wiodow-sbaa. It 



^^^^^^^^^HRn to cntOT into a dctiiil of the arrangements hero ; 
^HP^BHVkeeiilt« bo uf a poritirif cliarncter, they will ikH hv wiili- 
hold from the public. 

(353) Not among tlio Icaet interesting of BIr. Crosse's experiments, 
■re those in which he baa imitated in a meet eitraordinary manner, 
"constaiit*' and *' intermittent" springs with the acid of the voltaic 
battery. The oxpcrimenta were made in the following manner: — 

1*. A common gnrden-pot full of moistened pipe-clay was placed in 
a basin full of water : a platinum wire connected with the negative 
cxtreuiity of a anlphate of copper battery, of twelve pairs of plates, each 
two inches long, by one inch wide, was placed three inches deep into 
the middle of the clay ; and a second platinum wire connected with the 
positive |K)lc, was plungctl into the water in the basin, to the same 
deptli. Within a fortnight Jisturea took place in the clay in contact 
with the negative wire ; and in six or eight weeks, theiio fissures filled 
with water, which was drawn up two inches above tlio level of the 
Wftter in the basin. A small pool of water was formed round the nega- 
tive wire, which at last overflowed and trickled constantly into tlie 
bssin below. Hero, then, was a eongUint eUctrical fpriiiif* 

2*. Hero the experiment was varied ; bnt the apparatus was pro- 
deely similar. In this, both wirva were plunged three inches deep into 
the same pot of moidt pipe-clay, at the opposite sides, but about three- 
qnwten of ao inch from each aide. Within a fortnight, fissures took 
place ftt the negative, bnt none at the positive wire. In a month or six 
weeks more, these fissures filled with water which overflowed, and after 
ft day OT two chM^ and then again overflowed, and so on, being appa- 
rpntly acted on by change of weather. Mr. Crosse generally found the 
«]>ring overflowing vrlien the barometer was tcrff low ; and the reverse, 
when it was hiijh. Hero then was an electrical intcrvitttcnt ttpritttf, 

(334) Id subsequent experiments, Mr. Crosse found it better to em- 
ploy porous earthen-pots, open at the top and bottom, filled within an 
inch of the top with pipe clay kneaded with water to the consistence of 
putty, and plunged into a basin ; three platinum wires issuing from one 
•toui wire connected with the negative extremity of the battery, being 
plunged three inches deep into the clay ; and a group of six platinum 
wires issaing from one connected with the positive pole, being immersed 
to the same depth in the water. With this arrangemcnb, if the battery 
is active, the water will rise in one night half an inch above the surface 
of the clay in the pot, the lip of which, together with the whole rim, to 
tho depth of an inch, is glazed. Under the lip is placed a small shoot 
of nheet copper, to convey the water, aa it falls drop by drop from the 
lipf to a graduated glass ^es^cl. In one experiment, Mr. Crosse mixed 
dilato sulphuric acid with tlie pipe-clay, inateftd o( d'lbVvUod. vi«\ei. Nut 
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OIM drop of vcater teat raimd ujfic^ird* to tAa netfntie^ Ktn ; but tKf 
water in the Vadn, vliicli was aUo acidulated with the some acid, mu 
changed to a ino.st beautiful rose-red. In a letter received from Mr. 
Croasc, addressed to the author, in the bc^nning of tlie year 1840, he 
saye, "My two springs — the one constant, the otlier intermittent — are 
in as good action as ever. The intenuittent one overflows geiic-nil;^ 
when tho baromotor ia somewhat below 29*^ ; and is generally drv-wfaen 
the barometer is above that point. A row of open j>oroufl pitcbcw 
being 6Ue<l with pipc-chiy, all their lips turned the miuo way and all 
negatively electrified, may yield a succcadon of drops, which being col- 
lected in a shoot, may be used to turn a tiiiall vater-ttkc^l^ tbua pio- 
ducing perpetual motion; ^nH protuk4 the pover be/oimd ^qmtaUnlk 
produce such increased effect^ it may be applied in tho moot impoitwt 
ways. Also, the fissures formed in the cby at tlie negative polo, my 
be converted into maiallic lotks, by mineralising tho water in tho Iasb 
with metallic nnd otlier solutions : — thit I haec alrciuiy r/owr," 

(355) The authors 6rst repetition of these extraordinary experimmti 
wore not attended with siicc^^sful results. By employing, however, a 
aalfc-and-watcr battery, of forty pairs, the observations of Mr. Crosse 
have been verified in a most satisfactory manner. Af^er a contiuofd 
action of about eight week<i, several ounces of water were drawn to tlte 
negative wire upwards of three inclics above the level of the water b 
the exterior basin ; and now, after tho lapse of thirtcvii wet^ks, there ia 
a continual tiow of water over the top and sides of the parous jir, 
amounting to upwards of an ounce daily. Common river-water WM 
employed to fill the basin, and to knead the pipe*clay. The odour of 
chlorine from the positivo wire is very powerful. 

(356) To retnm to tho oonaideration of tho secondary resnlts of 
decomposition : it appears that there are two modes by wlilch mb- 
stanees may be decomposed by the voltaic battery: 1st, by the direct 
force of the current ; and 2nd, by the action of bodies which that cxir- 
ront may evolve. There are also two modes by which new compoundi 
may be formed, i. e. by combinAiion of the evolving subsianow whilit 
in their natcmt state directly with the matter of the electrodes; or vkt 
their combination with those bodies, which being contained in, or amo^ 
elated with, the body suffering decomposition, are noocesarily present il 
tho anodo and cathode. When Oi^^cofie solutions of bodies are u*e<d, 
■ocondary results are exceedingly frequent. They are not, however, 
confined to ai^aeons solutions, or caaos whoro vniter is pXMont. Wbon- 
ovor hydrogen docs not appear at tlto cathode^ in an aqneous solution, it 
always indicates that a secondary action has taken place there. 

(35^) Professor Danicll, of King's College^ who has greatly di»- 
tinguiehed himself by his researches in electro-chemistry, has {mbliabed 



ill tlio riiiluHoiihical TniTisactioiiEi, a H-rics of ndmirable papers on tlio 
electrulysis of secondary compounds, of vrliiclij liowcvcj, 1 rcjrict that 
ihc popular character of thiti work will deprive me of the pleasure of 
giving anything more than a very general account. Tlie primary ob- 
ject of theije reseiuclies was, the dotcrmination of the relative propor- 
tiiMis of the decompositions both of water and salt, when various Haline 
tolaiions were subjected to the action of the voltaic current, and their 
relation to the amount of electrolytic force in action, with a view to 
iacrease our knowledge of tlie constitution of t»aliue bodies in general. 

(358) From an elaborate series of experiments on the sulphates of 
Bodo, potash, and ammonia, phosphate of soda, nitrate of potash, &c., it 
appeared ^* that in tlie electrolysU of a solution of a neutral i^att in 
water, a current which is just sufficient to separate single equivalents 
of oxygi?n and hydrogcii from a mixture of sulphnric acid and water, 
will separate single equivalents of oxygen and hydrogen from the saline 
solntion, while single oquivalenta of acid and alkali will make their 
appearance at tlie same time at the resj^ective electrodes;'' and further 

pcrimentd showed, that whenever dilute sulphuric acid is used, there 
transfer of acid towards the zincoda or anode, the quantity scarcely 

er exceeding the proportion of one fourth of an equivalent, as com- 
pared with the hydrogen evolved. Mr. Daniell thought possibly tins 
iniglkt be owing to the acid being mechanically carried back to the pla- 
ttnode (cathode), as in all caisca there is a mechanical convection of the 
liqaid from the anode to the cathode ; and this is greater in proportion 
to the inferiority of its conducting power. If, however, this deficiency 
of acid were owing to the mechanical re-tranjsfer^ mechanical means, 
racb aa increasiog the number of diaphragms, would stop it : the pro- 
pnrtion, however, was, even under these circumstances, still maintained. 
No difTerence was observed, whether the oxygen was allowt^ to escape 
from a platinum anode, or whether it was absorbed, by copper or zinc : 
tbe tneiaU, of course, being dissolved iu proportions cqtiivalcut to the 
hydrogen developed at the cathode. Solution of potash, baryta, or 
ntia, similarly treated, exhibited a transfer of about one-fourth of an 

oivalent towards the cathode. 

(S'lS) In order to remove the ambiguity which might thus possibly 
be conceived to arise from the empluyiuent of dilute sulphuric acid, as 
the measurer of the electrolytic force, the following arrangement was 
fubotitntod for the Voltameter : — a green glass tube (into the bottom of 
which, as a cathode, was welded a weighed platinum wire) was filled 
witii chloride of lead, maintained in a state of fusion by a spirit-lamp : 
tlic oiorrcsponding anode was made of plumbago. At the termination 
of the experiment, the tube was broken, the wire and adhering button 
of Uad weighed ; and the result ahow^^ that *' the same current which 
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is juBt sufficient to resolve an equivalent of chloride of lead, k 
simple electrolyte unafiected by any aatsociatod comiXMilioD, i 
equivalent I'on^, prcMiuces tbe apparcui pbeoomena of tbo ro-soiutioD cf 
water into its elements, and at the same time of an oquivaleni of nil- 
pliatc of soda, into its proximate principles." 

(360) Aqueous solutions of tbc chloride* were next tried, aa the sinplo 
conetitntion of this class of salts promised to throw light upon tlio naiui* 
of the electrolysis of secondary compounds. A weighed plato of pore tin 
veas made tlic anodo of a double cell of pccnliar oonstnictiun, which icai 
charged with a strong solution of chloride of sodium, and a tube of foml 
chloride of lead, as before, included in the circuit. Not a bobble of gH 
appcarL'd on the tin electrode, and no smell of chlorine w»8 peroeptibit; 
but hydrogen in equivalent proportion to the quantity of tin diaaolvid, 
was given off at the cathode ; and the cell contained an equivalent pro- 
portion of free soda. One equivalent of lead was reduced in tho volti- 
meter tube. Muriate of ammonia treated in the same way, gave pf^ 
cisely siniilar result^ proving it to bo ** an electrolyte ** whoee dinplt 
anion was chlorine and compound cathion nitrogen, with four oqnira. 
lonta of hydrogen. Its electrolytic symbol, therefore, instead of bciog 
(CI -f H) -f. (N + 3 II) is CI -i- (N -h 4 H), coiifinning in a striltiDg 
manner the hyputhesia of Berzelius, of the base (N + -< 11 ) called ooi- 
monium. 

(361) In discussing the results of all these experiment^ we in tut 
bear in mind tlio fundamental principle, " that the force which wc lutv 
moa»ured by its definite action at any one point of a circuit, cannot 
perform more than an equivalent proportion at any other point of the 
same circuit." *' The sum of the forces which held together any num- 
ber of i'uuM in a compound electrolyte, could, moreover, only have 
equal to the force whicli held together the elements of a i>iuglo 
lyte, electrolyzed at the same moment in one cirsnit.'* 

(362) In the electrolysis of tho solution of aulp1iat« of sod&, and iDni3r 
of tho other salts, water seemed to be eloctridyned ; at th« same ttme acid 
and alkali appeared in equivalent proportion with the oxygen and hydro- 
gen at the respective electrodes. "We must conclude," saye Mr, Daniel], 
from the above-mentioned principle, ** that tho only electrolyte which 
yielded was the Bul]>hate of eoda, the ions of whicli were not, howevfT, 
the acid and alkali of the salt, but an anion, composed of an eqairalcni 
of sulphur and /our equivalents of oxygen and tho metallic catlii'in 
Bodium. From tho former, sulphuric acid was formed at the anode, by 
tho secondary action and evolution of one i-quivalent of oxygun ; and 
from tlic latter, 9oda at the cathode, by the secondary action of thn 
metal and tho evolntion of an equivalent of hydmgfn," 

(363) To avoid circumlocution (but only when ^peaJctng of cloctn?' 




223 

ropobiliou), Mr. Daniell proposes to adopt the word ion, m- 
by Dr. Faraday, as a general terrainatbD, to denote the eom- 
pouods wliich in the electrolysis uf a salt, pass tu the anodo ; and that 
y should be specifically distin^tished by prefixing the name of the 
i»cid aliglitly modified, as in abown in the following table : — 

Ominarr Chvmlcsl PonnalA. Bl««tfo)]nio FormuU. 

^^^^Of copper (9 -f 30) + (Cu + 0)= (3 + 4 0) -f- Cu oxj-sulphlon of copper, 

HPBkof M(U ^S + 30)-t-(Xa-f 0)3=(8-f-40)-f Naoxyralphtonof sodium. 

KHimle of potana (N + fi 0>-f (Ka + O) =(N + 60)+ KaoxTnitrlODofpoUsiium. 

PbovphaU of »orta (P + 34O) -(- ( PTa + O) = (P -f 440) + N» oxyphosph. of sodinm. 

(364) Tlie following experiments, strongly favouring the above view, 
were made by Profeesor DanioU : — 

A email glasa bell with an aperture at top, had its mouth closed, by 
tying a piece of membrane over it. It was half filled with a dilute 
aolntion of caustic potassa, and susftojided in a glass vessel containing 
a strong neutral solution of sulphate of coj)per, below the surface of 
which it just dipped. A platinum electrode connected with the last 
IXDC rod of a large constant battery of twenty cells, was placed in the 
ftotution of potassa ; and another connected with the copper of the first 
nil was placed in the sulphate of copper immediately under the dia- 
phngm which separated the two solutions. The circuit conducted 
▼«»y rsadily, and the action was very energetic. Hydrogen was given 
ofT at the cathode in the solntion of potassa, and oxygen at the anode in 
the sulphate of copper. A small quantity of gas was also seen to rise 
from tlie surface of the diaphragm. In about ten minutes, the lower 
■ttrface of the membrane was found beautifully coated with metallic 
r, interspersed with oxide of copper, of a black colour, and hydra- 
lido of copper, of a light blue. The explanation of these pheno- 
ls this : — In the experimental cell we have two electrolytes sepa- 
by a membrane through botli of which the current must pass to 
to the circuit. Tlio sulphate of copper is resolved into its com- 
d anion, sulphuric acid -\- oxygen (oxysulphion), and its simple 
on, copper. The oxygen of the former escapes at the zincodc, 
lie cupper in its passage to the platinode, is stopped at the surface 
e second electrolyte, which for the present we may rc^rd as water, 
T©d in its conducting power by potassa. The metal here finds 
ng by combining with which it can complete its course ; but, 
forced to %top, yields up its charge to the hydrogen of the second 
lyte, which passes on to the cathode, and is evolved. The cor- 
nding ox\*fircn stops also at the diaphragm, giving up its charge 
anion of the sulphate of copper. Tlio copper and oxygen thus 
at the intermediate point, partly enter into combination, and 
iho bU«k oxide ; but from the rapidity of tbo acIaotv, l\\c.t^ \a x^cA. 
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time U*T the wliule to coinbine^ and a purtion of the copper raiouu ID 
lUGtallic state, and ft poriiun of the gaseous oxygvn cscapca. Hit 
cipitation of bliic hydnitcd oxide doubtjeas aroae fruui the munng ^ 
email portion of the two solutions. Nitrate of silver, iittntc of li 
proto-sulphate of iron, sulphate of palladiuiu, and proto-oiLxatc of rorr- 
cuiy, were similarly treated, and alforded analagoua RSoUa 
modified by the oaturc of the roctalHc base. Sulphate of oiAgnraa 
Bobjected to the same process iu hopes of findicg maguedum, but nu^ 
nesia alone was deposited. 

(3G5) The theory of ammouium, as propoeed by Berzeliua, ami tlitj 
hypothesis of Davy developing the general analogy of all salts, w! 
dcrivc<l from oxyacids or hydracids, may by this evidence, es|)<ci«lli 
when taken in conjunction with the recent researches ou the ooDftita* 
tion of organic bodies, be considered as almost exporiuientolly domoo* 
stratcd. 

(306) The bisalts yield results which at fiivt siglit do not Bocordj 
with the preceding deductions : a strong solution, for oxatTiplc, of pan 
crystallized bisulphate of potassa was made, and it« neutralizing pnwvr 
carefully ascertained by the alkalinicter. Evaporation and ijj^nitioD 
with carbonate of animouia,gavetho quantity of neutral sulphate \'icldcd 
by a certain measure of the sohition. An equal measure was then placed 
in each arm of the double diaphragm cell, and the current passed thruogh 
till 70*8 cubic inches of mixed gases were collected : half tht ^ 
from the anode and cathode were then separately neutralized^ .. 
Qvaporated and ignited in the vapour of carbonate of amniouia. Uw« 
then found that the anode had gained eightcou grains, and the catbodt 
lost nineteen of free acid : of potassa, the anode had lost 9'i> groinR, ind 
the cathode gained an equal quantity. Thus, though the solution con- 
ducted very well, not more than oue-iifth of an equivalent of the potaiA 
was transferred to the cathode^ as compared with the hydrogen evoUcl, 
while half an equivalent of acid was transferred tu the anodo, wUil« a 
whole equivalent of oxygen was evolved. Ou thifi ex]>erimenl Mr. 
Daniell remarks : — 

" I think wo cannot hesitate to admit that in thin case the cuiiutt 
divided itself between two electrolytes, tliat a jwirt wa-* couductdl 
by the neutral sulphate of potassa, and a larger part by the sulphuric 
aoid and water. It is a well known fact, that the voltaic cum^t will 
divide itself between two or more metallic couducturs in iaverso pro- 
portion to the resistance which each may oiTrr ti> its course : and thftt 
it docs not in such oases choose ahne the path of i«isi rcvistaocv. 
Analogy would lead mo to expeot a umilar division of a carrcni 
between two electrolytes ; but I am not awort whether such a divUioa 
ha< ever before been pointed out." 
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(367) Tbeso conaidomtiona enable ua to explain tlio apporciit anomo- 
lios in the electrolfsia of diluted sulpliuric acid and alkaline solulioiia 
Alluded to (S/iS), The results axe eAplaiiicd by buppotsiiig that the 
■olutiou id a mixture of twu electrolytes : with sulphuric acid, tiicy are 
H + (8 4- 4 O) oxysulphion of hydrogen ; (I[ + O) water. The cur- 
rent 80 divides itself, that three equivalents of water are decomposed. 
Mid one equivalent of oxysulpliioii of hydrogen. Analagous changes 
occur with the alkaline solutions) the alkaline metal passing as usual to 
iho catliode.* 

(3CS) According to Professor Daniell's view of Faraday's beautiful 
expcrimenta with sulphate of uingucsia (325), the first electrolyte waa 
nsulvcd into a compound anion, sul])hiiric acid + oxygen, which passed 
to tl»o anode, and the simple cathton, magnesium, which on its passage 
to tlie cathode was stupijcd at the surface of the water from not finding 
ftny ion, by temporarily combining with which it could be further trans- 
ferred according to the laws of electrolysis. At this point, tlierefuro, it 
gave up its charge to the hydrogen of tho water, which po^cd in the 
QHual manner to tho cathwle, and the circuit was completed by the de- 
couipoaitiun of this second electrolyte. The corresponding oxygen, of 
coone, met the magnesium at tho point where it wai) arrested in its 
progress, and, combining with it, magnesia was precipitated. This 
* eoukbination of the oxygen and metal is looked upon by Professor 
Daniell^ as a tecondary result due to the local affinity of the elements 
tliud brought into juxta- position, nnd in no way connected with the 
primary pheuomen.i of the cutrcnt, which would have completed its 
OSnne^ whether this combination had taken place or not; i. e. whether 
magnesium and oxygen had been separately evolved, or whether mag- 
nesia had been formed by the combination of tho two. It also seemed 
probable that, although in the very slow action of this cxpeiiment this 
combination invariably took place, by varying the experiment so as to 
evolve metab) possessing different degrees of affinity for oxygen, and 
particularly by shortening the time in which the evolution might take 
place, in&tunced migtit be found uf fome portion of the metal eecnping 
Utui eombination, which would thus afford the most incontruvcrtiblo 
proof of the point to be established. Professor Daniell was thus led to 
the experiment above detailed. 

(3G'9) £lectfo-mctailu$-f/i/. — On this subject it will be necessary to 
B»y but little hi/n*, the works of Messrs. 8mce and Walker having sup- 
pfivd the oxperimentaliat with the fullest detaihi ; and every individual 
who is desiroufl of becoming practically acquainted with this new and 

• The •cipntific reailcr will do well to itudy carefully the oritrlnnl pnpeni of 
Prwf««»or Dauitill, iii the Plulaauplucol Trutitaction* : for tbc nbore atutmct. the 
vritcr h prlncipftHy Indebted to the pages of the PhUoKipMcaX l&ft%u,Uv«. 






i»BoCM, ia &«■•, ^ SpoMer* a kbu caoMiy, t« iW ao. The 

lhiicCMy. fi|nnnr, - W iii i ii g Hi lj .'' Aai tlRi«|li il ■ 
tUi the fiaovfciy «M Bftd* by cacb, iBlepcDtbt of t>ic oUicr, iW] 
prionijr iMit be givtt to iaeobi, wbo item in tbt piifccfl c/ bii 
**Qftlnii>pliHilrrt dM4 it WM m the ombUi of P«l«vuy, IWV7, 
wbilc pcMKVtiBg boa gaU^uae Inw i lytion^ ibsl be di e wnu ei • 
■Uikisg pbaMSMMB wbidi pn»iBit4 ili^ ia Us csjicriaHBta, wmA ftiK 
aubed bin) wvCb pcriecdf noTel vievs ; md Mr. 8peanr, io hM pMi- 
p^^ ' ris im. tliflt hie fint ranitt wcvo oblabwd is I83S, 

t . <UMn{4ioQ of u crigbud eaqyvfaiMaft n gvacnJly tBlMVi^ 

big : H !■ ftlwiy* m> wboa connected with a sub)c>ct of mach itmrtiud 
iHi|iorUnce. I iluU ihercfuro iniMTt Mr. Speaeer'a aoeout ' ' rtrvl 
faaoaaful ux(»vrui)i'nt iii vloctrography :||— "Isolodod a 

• Vol. l«. |>. 4ni. » TnuiftUt*<] rmm ihr rivrmiin etfltloa, by Wn. tflit 
- ("imft'al^cU'ndflc MliCttUanr, No. Ii.|t. 3X || 8ta fcl» Pamph. p. 
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copfMT mcdU. It waa placed la a voltaic circuit, and a surface of copiwr 
d*fW«ited on one of its aides to about the thickituef! of a shilling. I then 
foooaeded to get the depoeition otf. In thia 1 experienced some difii- 
culty, l*ut ultimatolj' succeeded. On examination Tft-ilh a lens, every 
IsDO vras A4 perfect as the coin was from which it was taken. 1 was Ujen 
indaoed to use tlie same pitxo again, and let it reniuin a much luiij^^er 
time in action, that I might have a thicker and more substantial mould, 
ID order to te^it fairly tlic btrengtli of the metal. It was accordingly 
put again in action, and let remain until it had acf^uired a much thicker 
coat of the metallic depotution ; but on attemptin<5 to reniovo it from 
tho modal, I found I waa unable. It had apparently completely ad- 
hered to it. I Imd often practised, with some degroo of succcas, a 
iDCtliod of preventing the oxidation of polished steel, by slightly heating 
it until it wuuld melt fine boea' wax : it was then wiped apparently 
coniplctely off; but the pores or surfaces of the metal became impreg- 
nated with the wax. I thought of ttiia method, and applied it to a 
eoppcT coin. I ^rst heated it, applied wax, and then wiped it off so 
•ompletely that the sharpness of the coin was net ut all interfered la-ith* 
1 proceeded as before, and deposited a thick coating of copper on its 
•ttr&oe. Being desirous to take it off, I applied the heat of a spirit- 
lamp to the bock, when a sharp crackling noise took place, and I had 
the bati<faetion of perceiving that the coin was completely loosened. In 
abort, 1 had a most complete and perfect copper mould of one side of a 
halfpenny." 

(372) The first kind of apparatus employed by Mr, Spencer was 
MOaply a common tumbler to hold the copper solution, and a gas-glass, 
faavuig one end closed with brown paper, or plaster of Pans, to contain 
(he aallnc solntion ; the coin to be copied, and a piece of nnc of equal 
siie, were attachc<l to the extremities of a piece of copper wire. The 
goa'glaas being fixed in the axis of the tumbler, the zinc was placed in 
it, and the copper wire bent in such a manner as to bring the coin im- 
ii»£at)ely under it in the copper solution. The battery pruocss is sub- 
aeqnently described by Mr. Spencer ; but he gives no methofl of dupo- 
Mting copper on any surface but a metallic one. In Jacobi's pampldet, 
however, which was published at St. Petersburg, in March, IS-t-O, th« 
vavof plumbago, for giving a conducting surfaoe to non-metallic sub- 
ptaiwOB, and m) enabling them to answer all the purposes of metallic 
originals, is distinctly alluded to. It appears, however, that Mr. 
Murray lias the merit of having introduced this discovery into this 
country ; and the Society of Arts have recorded their sense of its value, 
by presenting this gentleman with a silver medal. Tlie employment of 
th« batt4>ry was first suggested by Mr. Mason, who, by connecting a 
pwct of oof4>cx with the anode in a second cell, ll\c object to V)« ca\^c^ 

a 2 
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dbaw«d thai tiie qualiiy of thv eop- 

ndoeed ia tbe un^le cdL ftppaatm, 

tfaitl me gained by the uulimited uaiulMr 

on st tha mtao tinie. 
Uk uaglc cell fti^fMiatofl. 
M, tbe mould ; v, 
€y (ke 00^)0- soiuttoQ ; />, a 
tabo of fMraat caffthcB««ie» iwiiiMiiiin; s solution of 
mad mod wmier. To pat tbic in action, pom in the 
copper aobrtton, 611 tks U»b« witli the acid -water, and 
plaoe it M fllMwn in (be figwe, Xa«l of all put in the 
beat win, baviii^ the vbo al oae end, and the monld 
at tbe other. It it eBaential that the eofpper eolation be 
kept aatuimted, or needy so ; with which view the peI^- 
fbvated abdtf mnet be kept well furni&bed \vitli crystals 
of snlphate of copper. Tbe mould must not be too smaU in propmtiei 
to tbe siae of the xinc, and the oonoentrated part uf the solntion mnsl 
aoi be allowed to remain at the bottom^ or the copy will bo tTn^gaW 
ta tbi^nem. 

Fig. 1 53 repreaents the battery appantna. A is a cell of DuudTa 
battery (or Smee's may bo nsed) ; B is the decomposition cdl, fiOtd 
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with the dilute acid Bolution of Bulpbatc of co])pi>r ; c^ the ah< 
copptT, to funiish a siipply ; m, the nifjuld to receive the depoflit. To 
charge this, pour in the several »oIutio^^ and connect the wiro r with 
tbe copper sheet and tbe copper of the battery. Latt of all, attach tbo 
wire X to the kidc and tbe moulds. The charging liquid is a mtztimi 
of one part itu/phttrie rt<?if/, two parta miuratM solution ' -.of 

copper, and eight parts water. Wbcu tbu circuit ia coitij'; , op- 

per (rom the solution is transferred to the mould, and the cop|ier ■hevc 
is difewolvcd, being converted, with the milpliurio acid, Int ' '. of 

copjior; tbua kwpiug up Ibc strcn^tli of the solution. \l\ uijer 

time is retiuired by tbis mctliod than with the ungle eell ; hat two 
days will produce a medal of very (good sabelanoe, firm nod ftliM$t 
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time required, however, for tlicse oxpcnmcnts, depends mncli on the 

ij»«v»fMrw. If the sohttions arc kept boiling, a medal nmy be mode 

In a few hours : in eevure weatlier, the action of the battery almost 

oeaae*, %ud It is ueccs^iary to carry on the operations beforo a good 

fire. 

Fig. 154 reproscnta a form of electrotype 
tjnugli, to be used witliout ncid or mercury. 
It consists of a wooden box, well Tarnished 
in the interior, and di\ided into two unequal 
cells by a piirtition of porous wood. The 
largff coll is Bllrd with a saturated solution 
of eulphate of copper; the smaller, with 
A balf aatiuratcd solution of muriato of am- 
monift. In the former is a shulf, contain- 
ing a supply of crystab. The zine plates 
employed for this, OLm pure. This is a mat- 
ter of some importance, because there then is 
no need of amalgamation to destroy local ac- 
tion ; and the instant the circuit is inter- 
rupted, aD action ceases. Ordinary sine 

may be used ; but less power is obtained. This form of apparatus may 
ba ttwd as a single cell, ur with a deoorupoBition trough. It must not 
be expected that the action will be equally quick with that resulting 
from the addition of acid ; but it will be sure — perhaps more so than 
in the other instance; for it must be borne in mind, that in ^'clectro- 
tjrpe manipulation the failure in uinc cases out of ten results from the 
power of the battery being too strung, and not from its being too 
wcftk."— TTaWer, 

(374) For taking off cop. Fig. 155. 

^j«r plates, the apparatus 

^^Bown in Fig. 155, may bo 

^^Bltptoycd ; and by adopting 

^^^o arrangement shown in 

^HRg. 15(1, six electrotypes 
^Vukj be taken off at the 
«BiBe time. A is tlic bat- 
tCTy; B, the trough ; z^ the 

wire connecting the copper plate C with the copper cell of Uie 
battery ; j, the wire connecting the mould with the zinc of the 
ttery ; a, a, /j, a, a, five bent wires, each having a mould at one 
and a piece of copper at the other, The following directions 
Me given by Mr. Walker, for charging this trough. " Connect the 
copper plat« C, witii tJio battery : place a win ^V\\ \\a tsxVwroa 
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thii tbov n M terf 

wire from Uw «dl 

llw ctrouil wiA 

ft MWM of ovpiMril 

fli oopper, ituMiiv 

n point of ooooMi^, Crooi 

fa a4 w ipyanaU wlMftiiii 

from Ibe aalalidak 

di moidd, Md atotti 

WbMlMfv tlitt»» 

be pbeed ui atrici^ iImmmv 

«f Me may ba 
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tbttCorcfoj 

M«m««rantwiD be 

fcft; iME, or KK, or cm tipn^ 

y w ieKfy of zmc win be mfii ei . 

Efectridtyeigh to 
OM^ er aiz, or moce 
Hiie fcOowi twmwwfatrfjr from tKe U«ri ol definite 
ecdofi, dereloped by Fataday (335 ct seq). 

(37^) To enter into a detul of the DWMRMa pfwmntinni wbicb i^ 
quire to be atte nd e d to^ b order to eBnire eertatn awl potCoci irwdla 
to doacribe tbo Tarioos mediods of taking good innMoeolw £rom ooui^ 
mcdallioQa, and pUeter-caata, tbe pre^Muaiioa of tB0«ild% da. ;— -and la 
dcacribe the methoda of el<. -^Udkigk and dedi^ 

Otcbiog, would lead me fiu K; mjr |itoMoi iliei^u. I, 

Uiorcforc, refer my readers with confi<!encc to tbe very plaaaingly vrnfttea 
little work on " Eloctrolyyx! >lauipitlaliun/* by Mr. C. V. WaDco; ft 
work tlio stertiug v«Iuo of which may, I pnaunc, bo iaCened, irom te 
hnviu;2[ tdrt^dy reached a twrclfUi edition. Jlcrv will lie found ersrv 
portioiilfir coimw-tod with nutuid making, soldcrijijj, and gilding, mW 
natoly df<tailed ; and inaiructiona in the art of working in B»e|ai^ 
*' ■jf l'j« vtiltair battory, plainly ^nvcn. Utr. Sno^a 

iro-tiK-taUurpy." in which the fuhject M 
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tre at leng;!)!, may also be studied with mnch advantage ; and the 
ident will derive mach information from the pamphlets of Jacobi and 
toer* 

(376) It may perhaps be ahuost imneccssory to remark that these 
Itio deposits are all Mcofufary results of tlio voltaic battery. Water 

ilio compound electrolyicd, and hydrogen the olemont di&engaged at 

cathode by tlic dirtct action of the current ; but tliis cicuieut re-acts 

IIm metallic 8olutiol^ combining with its oxygen, and setting free the 

Oxygen is also disengaged at tliu anode; but it is not set free, 

iXiBG it immediately meets with an clement witli which it can cora- 

So also, in the processes for gilding and silvering, where cyaniiU* 

gold and silver are cmj)loycd, tlio anudes being pure gold und pure 

|v«r. Cyanagon is the sui^stanco disengaged at the anode ; and though 

a compound body, it is capable of combining with these noble 

lis, when presented to them in its nascent state; and thus a quan- 

\y of metallic salt is retained in the solution, e(|uivalent to that which 

decomposed. 

(377) When acetate of lead is elcctrolyzcd, under peculiar circum- 
iccii, It gives rise to secondary results of a particularly beautiful cha- 

iftOter : peroxide of lead is deposited at the anode ; and by carefully regu- 
ig the thickness of this compound, a series of most magniHcont colours 
fcy bo produced on a plate of highly polished steel. The process recom- 
led by Mr. Gassiot, to form these tiietalh-chrome*y is this : — Place 
polished feted plate in a glass basin, containing a clear solution of 
aoetate of lead, and over it a piece of card with some regular device out 
oot, AS shown in Fig. 157. A small rim of wood should bo placed over 
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card, an<l on that a circular copper disc. On contact tvcing made from 
4* to 20®, with two or three cells of a small constant battery, the steel 
lie being connected with the copper or silver, and the copper disc 
ith the zinc^ the dopoBit will be eflecte<l} and a scries of exquisite 
lours will appear on the steel plate. These colours are not films of 
Eygen and ncid, as some have imagined, but lead, in a high state of 
idatioo, thruwTt down on the surfaeo of the steel, and the varied tints 
occaaiontcd by the varying tliickneas of the precipitated Bhii. the 
[Ut being retiectc<l through them from the poU^Kcd melAUvi «vuC«i^ 
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below,* By reflected light, every prismatic colocr is ao^^^n^^^ 
trurtHntitting light, a ^rics of prismatic colours conipUriicnUry U> U»e 
6rst scries will appear, occupyiog the pUce of the former seriea. Twb 
colours are soon in the greatc-st perfection, by placing the pl&te brfuTT ft 
window, and inclining a slicet of white paper at an an^lc of 43*^ over it 

(378) Allusion was made in a former Lecture (161) to & pccuUu 
odorous principle developed during the passage of a torrent of demv 
ttparks of Electricity between two metallic jilates encloHed iu a c}'liDd!cr 
of glass. Every person who has been in the habit of experimcottfig 
with a large olectricdl machine, must have remarked this peculiar odour, 
particularly during the escape of positive Electricity from a point: th* 
same is perceptible when lightning has struck an object, and wtm A 
discharge from ^ powerful battery is aent through several sbeeti of 
paper it is exceedingly strong. It was, however, JJ. Schoenbein nbo 
fir^t noticed that it accompanies the electrolyzation of water: be hn 
investigated the circumstances attending the phenomena, and hai 
obtained results which will, he thinks, aiford a clue to tlie diacnvery «f 
tlioir cause. The odour which Accompanies the elcctrotyxation of 
water, he observes, is only disengaged at the positive elcctn>dc. Ht 
also Bnds that the odoriferous principle can be pn^s«rved iu well cloaed 
glasa vessels for any length of time. The only metals which he foood 
to yield this odour, were gold and platinum ; but dilute sulphuric, pbo»- 
pboric, and nitric acids, and aqueous solutions of several of the salts, 
aUo dist?ngagc it. Raising the tcnipcrature of the fluid to the boiling 
point prevents tlie odour from arising; and the addition of conipan.* 
tively small quantities of powdered charcoal, iron, xinc, tin, lead, anti- 
mony, bisrautl), or arsenic, or a few drops of mercury, to t!i« odoroai 
principle contained in a bottle, immediately destroys the smell ; nud tbs 
ffiune happens when platinum or gold, heated red bot,ta introfluced into 
the vessel containing that volatile substance. 

(379) A series of experiments relating to this subject were mode by 
Mr. Gann, and communicated to the Electrical ^>ociety.t The elcc* 
trodes employed were copper, iron, silver, platinum, »nc, charcoal, mad 
plumbago ; the first four afforded the odour abumhintly, eitlier when 
the electrodes were both of the same metal or of dissimilar rnetals. If, 
however, both the electrodes were of zinc, it was not porceptiblu ; bnt 
when copper, iron, silver, or platinum wero /xwifiw in a jar of atnii>- 
spheric air, and zinc ««^fl/ipd, it was developed ; not so, however, when 
snob arrangement was reversed ; neither was it obtained from rharcoAl 
Of plumbago ; but in lieu of it, a very disagreeable odour was emittodly 
nmilar to Uiat given off by charcoal pointa under water. Wbon dOdlo 

* Bm a impcr by Mr. WiuTiii(fton, oo tlds tobjeet ; Phil. Mog.vol. SvL p. 69. 

t rroCK<tiugi of ihc Electrical Socktjr, p. 100. 
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vtLlpburic acid waa elcctrolyzed witb platinum electrodes, in an open 
voltametor, tlic odowr was vory powerful ; but it was not produced 
when copper, zinc, or iron clfctrodos wore emj>!oyed. With muriate of 
eoda the odour was not perceptible, until the gas obtained from platinum 
dectrodes at the pogitivc pule was placed over ammonia and water, to 
absorb the chlorine; then the tube became hot, and the residual gas 
emitted the peculiar odour, 

Mr. Gann next procured gas from voltaic action with platinum 
idcctrodes placed in a solution of sulpliuric acid water; and having 
filled several jars from the positive and ne;^ative electrodes, they were 
preserved over water. Two measures of the hydrogen, and one of the 
oxygen, were detonated in a eudiometer over mercury. There was 
no residual gas, nor any od:)ur remaining; and when a series of explo- 
■tons from a Leyden phial were pai^sed through a portion of the oxygen 
over mercury, tlie peculiar odour was entirely destroyed. 

(380) From his experiment;*, Mr. Oann is inducc<l to think that tbis 
peculiAT odour may be emitted from all metallic bodies, if they are 
treated in such a niitnnt^ an to prevent oxidation or combination with 
otl»er bodies ; and that it is not confiDcd to the noble metals, as sup- 
posed by M. Schoenbein. 
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k tW «M M liot of Uw 

rf Ae wir«w ' ij qfthgmM,aadi:k 
aij pst of Um bgilj is caaaed lo lorn 
pS^ ■ AMBdikoek nacmbfiiiy dittal 
cxpsnenoed wtty tiflM iW 
■a4c: «Dd besides Uua» IT Utepfl* 
pMB is f n n f l l y Mi w kn^ as iW 
tiw b«d^, aad if tbe Jghtial cxcoffiatioa or 
be !■ thft paftb cf ^ eonetu, tbepttn b T97 tpTvc 
«f y l i Mi k ihiliMJIj it to low that it iwiuiroi j^ 
fw ita CnBaniflMi ; iiabiw tbtiaftjiu tbe tkiii U fwriooilf 
H wfll aot Smw it* «mf tbio^ Ibe bttiUjr '^n^^r^ 
Tbt BOA iftirfil Mode of reoeivfai]^ Um 
loroft of ibe htitacy^ n to w«l bvtb baailt witb waletf or witji a loli 
of covoHO mtL, Aad to gnsp a ailnv spomi in cadb, bbcI thm 
tbt en— iictinB betwcw te pol» af A* butery. Anc 
obetbed H to pkuiS<& bolb buuls iato two oopoate tomcU uf water ml 
wbicb tbo iiltisiilioi of tbe wiies hva ibe botkfj kavo htcn 
Tolto bM l—oiloJ, tbftt tb* pui ta of A sharper Uwl 
|MUts of tbo bodj- iBckiM ia tbe accait, w lucli an> 
Ibo iwgistiTo siJo of tbe pQr ; Ibis h partsenUrljr raaarknUlo witb 
WA(«r-boll«.<rT« and tbo same bas been notioed with i^gard ia LLe |ma' 
of tbo coiBBMO slsctrkal ffittk. 

It ilocB not mfoin a volude pOa to cxhilni the cffDcts of 
' itjr om the Hanial, wbctbcr linag oc dmd, Tbo mi 



flU 



ftpplicaiion of a piocv of sine and one of sUrer to the tongue and lipa, 
freqaently givee Hhc, at tho moment of the contact of the mt<tAl«, to tho 
poroeption of a hiininous flasli ; but the modt coxtain n-ny of obt&iuing tliis 
rosuh, is to press a picco of silver as high as possible between Uic upper 
Up and Uie gums, and to insert a mIvqt probo into the nostrils, while at 
Ibe same time a pioco of adnc ia laid upon the tongue, and then to bring 
the two metals into contact. Another mode ia to introduce some tin 
Doil within the eyelid^ so ma to cover part of the globe of tlie eye, and 
pUce a silver apoon in tlio mouth, which roust then be made to coni- 
witli Uic tin f<nl, by a wire of sofficicnt length ; ot^ con- 
>ty, the foil may l>c placed on tho tongue, and the rounded t*nd of 
a silver probo appliod to the inner comer of the eye, and the contact 
as before. Ttiis phenomenon is evidently produced by an 
communicated to the retina or optic nerve, and ia analogous to 
tfao effect of a blow on the oye, which ia wcdl known to occasion the 
■ansation of a bright laminoua cor\iscAtion, totally independent of the 
•oiual preaenco of light. In the like manner the tiaah from galvanism 
is felt, whether tho eyea are open or closed, or whether the experiment 
is made in day ligtit or in the dark. If tho pupil of the eye is watched 
by Mtothor pcnson when thb effect is produced, it will be seen to con- 
tract at the uiomeut tlio metals arc brought into contact ; a flush 
ts also perceived the moment the metala are separated from each other. 
When different metals are applied to different ports of tho tongue, and 
touch each other, a peculiar tasto is perceived : in order that 
iinent should eucceed, the tongue must be moist, tho effect is 
materially dirainidhcd if it be previously wiped, and canout b« produced 
at all if the surface be quite dry. The quality of tho metal laid 
upon the tongue inHuonoea tho kind of taste which is communicated ; 
the nrare oxidable metal giving rise to an acid, and the leas oxidable 
flkital to a distinct alkaliuo taat«. Similar differences have b«en 
ahMfTed by BoneUus^ with regard to the senBaUons excited in the 
ttM^Ot, by common Electricity, directed in a stream upon that organ 
from a pointed couductor ; tho taste of positive Electricity being acid, 
aoil that of tifgattvc Electricity caustic and alkaline. 

(383) If the hind \c^ of a frog bo placed upon a glass plate, and 
Um cnml nerve di^«ccu-d out of one, made to commuuioato with the 
other, it will ho found on making occasional contacts with the 
nnaiidng crural nerve, that the limbs of tho animal will be agitated at 
mA cootftct. Aldini, tho nephew of tlie original discoverer of gal- 
^■alnn, prcwluccd very powerful muscular contrartion, by bringing a 
psrtof a warm-blooded and of a coUl-ldoodod animal into contnct %vith 
uthvr, as tho ncrvo and mnsclo of a fVng, with tlio bloody flesli of 
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the Dvck nf a newly decapitated o3C, and also by briogtiig Uw aerrv of 
one animal iuto codUcI wiiti the muscle of anuiher, 

(S8i) If a crown piece be laid upon a piece of xioc of Uiger abi^ 
and a living loecb placed upon tlie ailvrr coin, it snlfefs no faieoa- 
Tenience as long as it rvTnaina in contact with the ailvM- only, bttt the 
moment it has stretched itself out and touclie^l the zinc, it AuiUcaly 
recoils, as if from a violent shock. An earth wonn exhibits the bum 
kind of sensitiveness. The convuhdve moTcments excited in II0 
mosclca of animals after death, by a powerful galvanic battcrT» an 
extremely striking, if the power is applied before the mnsclea have laH 
their contractility. Thus if two wires connected with the poles ol a 
battery of a hundred pair of plates, arc inserted into the ears of an ot 
or ithccp, when the head is removed from the body of the amnal 
recently killed, rery strong actions will be excited in the muscles of tb« 
Cue every time the circuit is completed. The oonvulaiona an •», 
general, as often to induce a belief that the animal has been restored to 
life, and that ho is enduring the most cruel sufferings. The erei an 
seen to open and shut spontaneously ; they roll in the sodceta M 
if again endued with vision ; the pupils are at the same time widely 1 
dilated ; the nostrils vibrate as in the act of smelling; and the move- 
ments of mastication arc imitated by the jaws. The straggles of the 
limbs of a horse galvanised, soon after it has been killed, are so powtir- 
fiil, as to rc<|uiro the strength of several persons to restrain them. 

(385) The following account of some experiments made by Dr. Uia 
on tho body of a recently executed criminal, will ser^'O to ooDrry 
a tolerably accurate idea of the wonderful physiological effects of thk 
agent, and will bo impressive from their convejring the most terrific 
expressions of human passion and humaa agony. 

^* The subject of these experiments was a middle-sized, atbletie, 
extremely muscular man, about thirty years of ago. lie was 
pendcd from the gallows nearly an hour, and made no convi 
struggle after he dropped. While a thief who waa executed 
with him was violently agitated for a long time. Ho was brought 
into tho anatomical theatre of our university, about ten miBQles 
after he was cut dowu. His faoo had a perfectly natural aa|MOt»- 
being neither livid, nor tumefied, and tbcro was no dislocation oC^j 
the neck. 

'^ Dr. Jeffray, the distingtiislied professor of anatomy, having on tha 
preceding day requested mo to pcrfonn tlio galvanic experiments, I aent 
to his theatre the next tnoming willi this view ray minor voltaic bat- 
tery, consisting of two hundred and seventy pairs of four-inch plateau 
with wires of oommuniration, and pointed metallic n- ■ ' 

handles, for tho more commodious appIiL^atiau of ti 
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AVout five mtniite boforo tlie police-officera arrived with tho body, 
Ui« battory wna charge^] witli dilute nitro-sulpburic acid, which 
tpeediHf broagbt it into a Etato of intense action. The dii^scctions 
w<Of« ekilfiiUy executed by Mr. Mamhall, under the superiutendence of 
ftbe professor. 

** Ejtfterimrht I. — A large incision was made in tbo nape of the neck 
jnft below tho occiput ; the poj^tcrior half of the atlas vertebra was tlien 
nmoTcd by bone forceps ; ^hen the spinal marrow was brought into 
▼low, a profuse flow of fluid blood gushed from the wound, inundating 
the floor. A considerable incision waa at the same time made in the left 
hip^ thruugh the great gluteal muscle, so as to bring the sciatic nerve 
into sight, and a small cut was mode in the heel, from neither of those 
did any blood flow. The |>oiuted rod connected with one end of the 
bailfliy, was now placed in contact with tho spinal marrow, while the 
either tod was applied to the Hciatic nerve ; every muscle of the body 
WM immodiately agitated with convulsive movements, rvsembling a 
violent shuddering from eold. The left aide waa most powerfully con- 
vnlaad. On moving the second rod from the hip to the lied, the 
lcne« being previonsly bent, the leg wa^ thrown out with such violence 
tt Mwly to overturn one of the asfiidtants, who in vain attempted to 
prevent its extension. 

'* Ej-pitrimcnt 2. — Tho left phrenic nerve was now laid bare at tho 
ouUir odge of the ttemot^yroidt^tm muscle, from three to four inches 
abore tho clavicle; the cutaneous incision having been made by the side 
of tho stomo-cleido-roaatoidous. Since this nerve ia distributed to the 
kphrngin, and since it communicates with the heart througii the 
ighlh pair, it was expected by transmitting the galvanic current along 
tt, that tlie respiratory process would be renewed. Accordingly a 
lall incision having been made under the cartilage of the seventh rib, 
le point of the one insulating rod was brouglit into contact with tho 
fTmit head of the diaphragm, while the other puiiit was appUed to the 
phrt'nio nerve in tho neck. This muscle, the main agent of respiration, 
vfAA immediately contracted, but with less force thau was expected. 
^■d from ample experience on the living body, that more powerful 
can be produced by galvanic excitation, by leaving the extreme 
lunicating rod in dose contact with the parts to be operated on, 
i||UB electric chain or circuit is completed by running the end of 
along tho top of tho plates in the lost trough of either pole, 
other wire l>cing steadily immersed in the last celt of the opposite 
)!«, I had immediate recouree to this method. The success of it was 
wonderful ; full, nay, laborious breathing, instautly commenced, 
heaved and fell, the belly protruded, and again collapsed with 
^tdaxing and retiring diaphragm. This p 
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Oat Ibr fliH half an hour bclbm th» 
well aigh disaad of ili blood, aad the ifiiaii 
No palnaiea eodd be pBRMived maaamb^M 
thahantorwiMk; butilBiay ba a B ppo ae d thaibotfarUwyagnatwaig 
bhiod, the esHBtU a tiin al a i of that orjiaB, tUb piMBOBmon MSgbt abi 
haTeocettmd. 

^ JCxytriimmt S.^-thm aofMHirbiu] nerre waa kid bore m the hrtk 
-bald, aa it insca Ibroiigb the aapi»-ailiaiy hnmea ia the oyrbiw; 
tha ooe oandostn^ rod facng mpplied lo it, and tb& other to the he\^ 
nioit extnotdnaiy grinsoea wate wtfajhitad «t«ry time the cW« 
cJiar^ were made, by raaan^ the wiie m my hand over the vu^^n n 
the platce in the b&st tro>a)*li, ftoo the two bmdrcd and twcotidh 
tn the two hoodied aad apf fti eth palTf thaa fifty shocka, eaoh gtcals 
than the preceding onea, were givea in two aeeonda, Evecy muadi of 
his countenanoe wm aimaltaoeoiialy thrown into fiearfiil aoCiott, apt 
bonoc, deqttir, and anguiab, and ghastly nnilea onitod Umv 
expresuoD In the monlerer's face, snrpaasing fiu- the wihkat 
tiona of a Fuseli or a Keaa. At this period aerenl of the ^odafton 
were obliged to leare the room from terror or n i nkmaa ^ and oae goalie 
man fainted. 

**• Experiment i. — Tho last galvaoic ezperimoit oooaiated in trans- 
mitting the cleetric power from the spinal marrow to tba ulnar nccvot 
aa it pa«6ca by the internal condyle at the dhow ; Uie Bogett ttow 
mored nimbly, like those of a violin ]>orfonDer ; an iiaaistapt who UM 
to olom the fist, found the hood t^i o(ico forcibly in spite of hia sIlHvta. 
When one rod was applied to a sli^hi incision on the top of dte foa^^ 
finger, tJie fist being provioualy clonchotl, the fingna c ' " M^itnitly, 
and froTii tlie connUsive agitation of the ann, he accni ^t. to tho 

diffsmt spectators, some of whom thought hv had come to life. About 
an liour was spent in theao operations*'* 

(380) In these cxporimenfes the poMtivc wise waa always applied la 
the »«rfv, and the negative to the mutclM^ that tliia is important, will 
appear Arom the following facts : 

IaI the posterior nerve of a frog he prepared for electrication^ aad bt 
it rcmaiu till its voltaic Rufleeptibility ie conaidomhty blnntod, ibe cmial 
nvTvua U-tng connLTtcd with n rlctnchwl portion of the ifMae; plame 
the limits into one wine glass full of water, and the crural nerre*, Ao* 
into nnothrr glass; then tiko u rod of stinc in onu load, and a filvar 
trn-^juon in the otbor, plunge the funuer into the water of tba 



tftCTVRB VI. 



SOP 



and the latter into the water of tho nerves gloa*^ witliout touch- 
be frof; itwlf, oaU gently strike tho dry parts of tho nietala to- 
; feL'bli: conmUive Tnovements or more twitching of the Bbrcs 
be perceived at each contact; rt'Vcr»e now tJie position of tho 
rods, and on renewing the contoct between tbcm, very lively con- 
ns will take (ilaoo, and if the limba are skilfully di8{)0»ed in a 
»w conical glass, tUey will probably sjiring out to some distancr. 
an assistant wizo in his moistened left hand tbe spine nnd 
oords of tbe prepared frog, and in hia right a silver rod, and let 
ktlker person lay bold of one of tho limbsi with hi^ right hand, and a 
rod in the moist fingers of tlie left; on making the contact, feeble 
kvulsive twitching will bo perceived aa before ; now let the metals be 
; on renewing the contact, lively inovenients will take place, 
bocomu very conspicuous; if one limb bo held nearly horizontal, 
the other liuuga freely down, at each touch of the voltaic pair, 
drooping limli uitl f^tart np and strike the hand of tho cxperi- 



foT the purposes of resn&citating the dormant irritabihty of the 
M Dr. lire remarks, or the contractility of their subordinate 
tho positive pole must be applied to the former, and the nega- 
te tho latter. 
<3ft7) Some interesting rescarclies, on the relation between Voltaic 
I icity, and the Phenomena of Life, were published in the Philoso- 

1 1 Transactions by Dr. Wilson Philip. 

Id his earlier researches^ he endeavoured to prove that the circolatiun 
hlood, and the action of the involuntary muscles, are independent 
' nervous influence. In a paper, read in January, 1 8 1 (t, he Bhowotl 
the immediate dependence of the secretory function on the nervous in- 
flnouce. The eighth pair of nerves distributed to the stomach, and sub- 
servient to digestion, were divided by incisions in the necks of several 
ralibit« ; after the operation, the parsley which they ate remained with- 
out alteration in their stomachs, and the animals, after evincing much 
diffiealty in breathing, appeared to die of suffocation. But when in 
otbor rabbits similarly treated, the galvanic power was distributed along 
Ibv nerve below its section, to a disc of silver placed closely in contact 
with the skin of the animal opposite to its stomach, no difficulty o( 
breathing occurrtKl. The voltaic action being kept up for tweuty-stx 
hourv, the rabbits wore then kille<l, and the parsley was found in as 
|ierfoctly digested a state as tliat in healthy rabbits fed at the same 
ti \ their stomachs evolved the smell peculiar to that of rabbits 

(J , stion. Tlicso experiments were several times repeated with 

«iniihi7 rrsnlts. 

Thna a remarkable analogy is shown to exist between tUc ^lx»s\v«. 
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energy and the nervoua inOueuce, the former of wliicb niAy be mwk U 
supply tlio pkce of tlic latter, so tbat wliile under it, Uie elonuch, 
otherwise inactive, digests food as usual. 

(388) Dr. Philip waa next led to try galvanism As a remedr in 
aatliuia* By transmitting its influence from the napo of the nock lo 
the pit of the stomach, lie gave decided relief in every on. 
two coseSt of whicli four were in private practice, and ei;^ 
Worcester infirmary. The power employed varied from tea to twouy- 
five pairs. 

(389) These results of Dr. Philip have since been ormfirmed by Dr. 
Clarke Abel, of Brighton (Journ. Sc. ix.): tliis gentleman employed is 
one of the repetitions of the experiments, a comparatively small and b 
tho other a conaidernble power. In the foniter, although tho galwran 
was not of sufficient power to occasion evident digestion of tho food, 
yet the efforts to vomit and the difficulty of breatliing, constant cSedg 
of dividing the eighth pair of nerves, were prevented by it, Tb* 
symptoms recurred when it was diMiontiiiued, but vanished on its i^ 
application. " The respiration (jf the animal," he observes, ^* coutiniacd 
quite free during the experiment, except when the disengagement of tbi 
nerves firom the tin foil, rendered a sliort suspension of the galvaxiiMi 
necessary during their re-adjustment. Tho nun-gal vunii&ed ratibil 
wheesscd audibly, and made frequent attempts to vomit. In the latter 
experiment, in which greater power of galvanism was employed, dig«t- 
tion went on as in Dr. Philip'a experimetits. 

(390) It had been Buggcsted by an eminent Frcnclt physiolod^^f 
M. Gallois, that tho motion of the heart doi)endd entirely upon fl^ 
Bpinol marrow, and immediately ccascu when the spinal marrow is RK 
moved or destroyed. But Dr. Philip rendered rabbits insensible by a 
blow on the occiput, tho spinal marrow and brain were then removidl, 
and the respiration kept up by arttBcial means; tlie motion of the hcxrt 
and circulation were carried on as usual. When etpirit of wine or onnun 
was apjdicd to the spinal marrow or brain, the rate of cirvulatiun wai 
accelerated. These experiments appear to confute tho notion of M. 
Oallois. 

(391) Tlie general inferences deduced by Dr. Philip from hia num^ 
rouB experiments are. that Voltaic Electricity is capaltjo of - the 
formation of tlic secreted fluids when applied to the blocKi, uot 
way in which the nervous in6uence is applied to it; and that it is cttpa- 
bio of occasioning an evolution of caloric from arterial < ! ' 'iad 
the lungs are deprived of tho nervous influence, by which il. ,41 
is impeded, and even destroyed ; whtm digestion is interrupted by with- 
drawing this influence from the stomach, those two vital functions an 
renewed by exposing them to the i]iflnonoo of a galvanic trottA;l|. 
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MMSe/* aajr* fcfr, ** galvanism seems capable of performing all the 

""!^ of tlie nervous influence in the animal economy; bat obvi- 

f/ c*iumt t^citf thf jHnciion* i'f animal /}ft\ unUtM wA^n acting on 

/mJotreJ with thjf licin^ principU" 

(31*2) Amtfuil Efe*Hricif*f. — Tliere are some remarkable instances of 

the generation of Electricity in living animals, to whom the power aeema 

principally to be given as n means of defence. Of thciW! animals the 

Boia Torpedo appears to have been noticed at a very early period, eiace 

we find a description of its properties in the writings of Pliny, Appian, 

and others. It inhabits the Mediterranean and North Scaa; its weight 

when full grown is about eighteen or twenty pounds. 

It is frequently met with also npon the Atlantic coast of France, as 
weU as along our southern shores, esr>e<:ially in Torbay, where it attains 
• great size. It is taken by the traicl in company with its congcnitors, 
the rays, ^t Malta it is known by the name of If a4dayla^ a term 
which has reference to its benumbing power : in Francn it is called La 
Trrrmble, and with us it has various designations, as the cramp or numb 
fish, and tlie Electric Ray. Dr. Davy has recently reduced the four 
previous recognised species of torpedo into two species, viz. : the tor- 
pedo <iityer*icoior^ and the tory>cdo ocul^ita^ a term having reference to 
certain markings on the back which liave been likened to eyes, 

TliG generic characters of the torpedo (Henry I^theby) are : — Tlie 
<}»c of the body is nearly circular j the pectoral fins kirgc; the two 
dorsal fins aro placed so far back as to be on the tail ; the surface of tlie 
body is smooth; the tail short and rather thick, and the mouth armed 
wiili small sharp teeth. 

It is an oTo-viviparous animal, the young being matured in their do- 
•octit along the oviduct, where they arc retained for several months ; and 
during this detention, the yolk l>ag disappears and the fish are perfected ; 
^^0 electrical organs also become gradually developed. Dr. Davy 
^^Pptks these are formofl from matters which are absorbed by the bran- 
dfial filaments; an opinion which he deduces from the fact of these not 
attaining such great size and length in other rays, while they also drop 
off whecQ the organs are complete. 

Wlicn touched it communicates a benumbing sensation, and by 
repcotcd contacts gives a scries of electric shocks. In the Philosophical 
Tninsactions, 1773 and 1775, there are accounts of some oxperimeuta 
^f Mr. WaUh on this animal. lie placed a living torpedo on a wet 
^^P^kin, and formed a communication through five persons, all of whom 
^err insulated. The person at one extremity touched some water, in 
vfaicli a wire, proceeding from the wet napkin, tcnninated ; the last 
person in the series having a similar mode of communicatiou with a 
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lo toe difluraMlw 
««t «t VHft^il va» Bnoaujlo sabakttttte tkick 

al» BOMle M Mil* 
ami Uiftt dimcud 

Hk Mm bftUery ■irfwl nf 

he calniitod tfattt tKa animil 
tW of the WicTT, or «m 
lo mm tlinwMd i^d «tx^^-li««r feci «f eoated glan. 
(999) Ib Ae PMwn|iliiril TfUHrlfmi far 1778, Ifaov k adKJ 
ol thea Mi Bgacal ctractase of tloo omsom fiili, from ilw pes ol Iht 
cMnted Unta.* 

^1V aaT«ii»'ba ttj«,^iaMrt0d into oodi dtvUio oigaB,KMbsr 

tbi«e bxgv tninka from iKe loSter hiA pwlwini pnrto of Uw bail. 

Tbe fijai oC tlicoe, in iu fawogfi ovHmdi^ turn tooMl a oaitilagtof 

lli0 cvaoiiun, and Mads h few bfa n clkiB to tbe fint gill, and to Uie Hil^ 

rior part of tlie bead, aad Ihea paaaM bio tbe ofgaa at sts aofeoiir 

extrvmiiy. Tbe SBoond tnmk cnlflB the giUa b e t w ft tbe ftnl tad 

ieoond opeaiDga, ao<) furnishee it witli Bmall bnutdiei^ ytammf^ iato tW 

(irgao Ddkf tho middle. Tbe tbitd tnuk, $SUs leant^ tbe ik^ 

dividott into two branctics, wbicb pass to tbe electric oigaii thioa|li tie 

gilU, one between Uio eecgnd and third opcmngB, tbe <3^tm betww* tit 

llj'ird and fourth, Riving wnall Immchcs to tbe gUl it»dt Thew mn9 

* Por ft il«tftllo4t account t>r tlie uiAtoiny of Ihif Aib, m* aUo Pun etUtop tf ^ 

r.lM>triral 5Mkl7, p. M9. 




LRCTUnE n. 



Sia 



baling entered the orgatia, ramify in every direction between tlie 
Mlninns, and send in small branches on each partition where they 

■M lost. 

•*The magnitude and nnmber of the nerves bc«towcd on these 
orgniu, in proportion to tlicir aize, must, on reflection, appear as cxtra- 
ordinory as the ])henomeua they afford. Nerves are given to parts 
aitlicr for sensation or for action. Now if wc except the more important 
•eneea of seeing, hearing, smelling, and tasting, which do not belong to 
llw electric organs, there h no part, even of the most perfect animal, 
which, in proportion to its size, is so liberally supplied with nerves, nor 
di> the nerves seem nccesi^ry for any sensation which can bo supposed 
to belong to the electric organs. And with respect to action, there is 
no part K>i anyanimiil witb wLich I am ac<)uainted, however strong and 
cooatant its natural actions may be, which has so great a proportion of 
BCITOB. If^ then, it be probable that these ncrvea are not necessary fot 
Dm pnrpoaee of sensation or action, may we not conclude that they are 
•nbaerrient to the fonnation, collection, or management of the electric 
floid, especially as it appears evident from Air, Walsh's experiments, 
UuU the will of the animal docs absolutely control the electric powers of 
Ibe body which must depend upon the energy of the nerves." 

(394) At the request of his illustrious brother, Dr. John Davy 
undertook a scries of experiments at Malta, on this form of electricity. 
He succeeded in communicating distinct magnetism to a needle by the 
deetricity of a small torpedo, and in throwing into violent motion the 
needle of a magnetic multipUer ; but^e failed in obtaining a S])urk, or 
any igniting power, though by using Harris's air-electrometer he 
obtotned evidence of /jf^ri'nj/ powers; nor could he affect the electro- 
•eope, or obtain any indications of attraction and repulsion in air.* 

liis electro-chemical results were highly satisfactory; he decomposed 
ctroag sohttions of common salt, nitrate of silver, and superacetate of 
kad ; and he inferred that tlie tttid^r surface of the organ corresponds to 
the zinc, and the upper surface to the copper extremity of the voltaic 
battery. 

(392) The Gymnotus in another Bsh possessed of electrical pro* 
pcrttcs ; it is a native of the warmer regions of America, and Africa, 
inhabiting large riverst, especially those of Surinam. In Africa it chitfly 
occurs in the branches of the Senegal. It is so named from the absence 
of tlie dorsal fin. There are several species, all inhabiting freshwater 
kkei and rivers ; but one species alone is electrical. In general aspeefc 
It Tery much resembles an eel, — the body is smooth, without scales ; a 

• Prior to Dr. Davy's experiments, MM. de BIuJovlUc onii Flourcni liod 
oblalnni magnetic' deflection ; nnd recentlr, Linah and Mntteuccl have oUUiocd. 
Ifcc f|«rk from the torjvdo. 
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BfUmtiiMg IbM fiA «iA ow knd • 
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&fen» tf tfa«e ftset from ibe annal, vpoa s vcoDd penoo'* in.. « 

Ae ed, Uic foriDer wiQ leoeiTe v^lmic. Dr. WifiMSMio pUead a cii- 
fiA iaIlH MM vend oTwiteT with tlie eel, iMltiMApiicrf hkcvs 
Una la the weter, TIm Oyvaetas ewm np to Um fiak, bat imtwtA 
AWftjr Mrithout oflcmg wijr viokaoe to it ; it eooo retunial, atui afkf 
Mgnrding attentively the ret lirfi for eove wccilw, gew it • ibock, 
wfiidi BBsde it torn np its hdHy, aixl eoBtnae uiiiliiMfcw The shock 
perceptible to Dr. WUlianMon at the maae time. WboaewT §A 
bad booB thaa Rodeted oBotiooleeB irere iwaof ed to aaothat vJ, 
tbcy f c w vcfod . 

(396) lDliiaTab]eanPh)ruqtiedi»R£gionc^Equiti>nala,&e.*ILB»- 
boldt lia« given eotne cunons detatls rcspfeliiig the electrical crl« mUA 
in)tabit« the riron and lake* uf tbe low ptoviooea of VeMCdeb awl tbr 
CaraocM. It is met with tnoet fxequcnily in tbe ftagsaai pool^ 
penod at interrali over t)ie plaine which pxumd from OnkBoeo feol 
Apuri. The old rood ncftr UnitJca has ereo lieen abaAdooeifi 
int of tlio daogur expcricncfxl in croJWing a ford, wfacT« the 
from the ofl«ctft of the nhocks, ofU'n paral>'Xi*d and dfunBid. 

• Hm Mr. Lptbc-by'a eUtioraU pbjht on the db»e«»kii) of a Ojnmotns Elertrteefc— 
(llDff of tlie London Rlmlrlnkl aorlrtr, p* 3117. 
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letiinoe leceivos a stroke conveyed along liis rod and 
tie about six feet in length, and occasion a higlily 
^,iBinfal sensation, mure resembling the effect of a blow on the head, 
Iban the shock of a comnioQ electric discharge ; a peculiarity of effect 
referable pcrliaps to a great quantity of electricity of fimaU intensity. 
Hid foUowing particulars given by Humboldt^ and taken from the 
Edinburgh Review, vol. xvi. p. 250, are worth inserting : — 

'• The Indians entertain such a dread of the Gymnotus, and show so 
iBiudi reluctance tu approach it when alive and active, that Humboldt 
found extreme difficulty in ]>rocuring a few to servo as the subjects of 
rxprrimcnt. For this express puq>ose he stopped some days on his 
journey across the Llanos to the river Apure, at the small town of 
iCataboze, in the neighbourhood of whicli he was informed they were 
v^y numerous. But though his landlord took the utmost pains to 
^■ttfy hid wish, ho was constantly unsuccessful. At last he deter- 
^Bed to proceed himself to the spot, and was conducted to a piece of 
^H^w wat«r, stagnant and muddy, but of the temperature of 79^t 
iRt>undcd by a rioli vc';:^station of the great Indian iig trees and the 
odoriferous .sen^itiv& phints. Hero he soon witnessed a spectacle of tho 
novel and extraordinary kind. About thirty liorscs and mules 
quickly collected from the adjacent savannahs, where they run 
balf wild ; these the Indians drove into the morah. The gymnoti, 
lOHaed from their slumbers by the noise and tumult, mount near the 

fice, and swimming iiko so many livid water-serpents, briskly pursue 
intruders, and gliding under their bellies, discharge through thorn 
most violent and repeated t^hocks. The hordes, convulsed and 
^oiiicd, their mane erect, and their eyes staring with pain and anguish, 
^^pe unavailing struggles to escape. In less than five minutes two of 
iBRm yunk under the water and were drowned. Victory soemed to 
declaru fur the eels ; but their activity now began to ryjax ; fatigued by 
ciicli ozponae of nervous energy, they shot their electric discharges with 

I frequency and effect. The surviving horses gradually recovered 
the shock, and became more comjioued and vigorous. In a quarter 
n hour the gymnoti Bnally retired from the oontcst, and in such a 
t of languor and complete exhaustion, that they wvre easily drawn 
liore by help of small harpoons fixed on cords." 
197) A fine specimen of the Gymnotus (Fig. 1^8 being a correct 
Via. 158. 




i) was for some time in the possession of the viav^\*sV\jvfc ^i-^ 
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i^Bi from tli« unieriof tu the pusterior parts of the GyiuQotuB through 
M cnnd actors osed. 

(401) Chemical Dfconipo$ition, — Polar decompoeition of iodide of 
Uteannm was obtained by moUteniDg tbicc or four folds of paper in 
19 BoIniioD, placing them between a platinum plate and the end of 
plAtinum wire connected rcspectivt^ly with the two saddle conductors. 
Iieiiisver the wire wa« in conjunction with the conductor at tlie foro 
irt of the (Symnotus, iodine appeared at its extremity ; but when 
ttDoctcd with the other conductor, none was evolved at the place on 
e f»a|»er where it before appeared. By this test Dr. Faraday coni- 
iTed the middle part of the fish with other portions before and behiud 

afid fuund that the conductor A, which being applied to the 
iddl«, was negative to the conductor D applied to the anterior porta, 
ia, on the contrary, positive to it when B was applied to places near 
.e tail. So that within certain limits the condition of the fish exter- 
illy at the time of the shock appears to be such that any given part ia 
igatire to other parts anterior to it^ and positive to such as are 
iihind it. 

(402) £rolution of tf<.'a/.— Tlie experiments were not decisive on 
m point, 03 might be expected; the in»trumcnt employed was a 
^Arria'a thermo-clcctronieter.* 

(403) Spark, — The electric sparV was i5rst obtained in the following 
Anner. A good magneto^vlectric coil, with a core of soft iron wire, 
yd one extremity mode fa^t to the end of one of the saddle collectors, 
id tiie other fixed to a new Etecl file; another file was made fast 

the end nf the other collector. One person then rubbed the point of 
W of these files over the face of the other, whilst another person put 
le collectors over the fish, and endeavoure<l to excite it to action. 
y the friction of the files contact was mode, and broken very fro- 
uently; and the object was to catch the moment of the current 
kfoagh the wire and helix, and by breaking contact during th€ currtnt 
» make the Electricity sensible as a sfmrk. The spark was obtained 
mx times : a revolving steel plate, cut filt^fathum on its surface, was 
(terwards anbstitnted for the lower file ; and for the upper file wires 
f U0D> copper, and silver, witli all of which the spark was obtained. 

• Mr. Ooriot, howcTcr, by emphiying an electrometer of peculiar consi ruction, 
ivteg, lastead of one stralglit wire, two Hpamie wire*, one ot fine lihcr and the 
Awr of flmr plitlntin^ made under the personal Inspectioa of Mr. Harris, luu snc- 
!cded In drtclopiog the heating power of the Gymnotas in the flrtt experiment, 
nadtf on the SUt of May. 16.10,) the circuit was completed through the pUtlnutn 
Irr, whm the Hiiaid in the clfctrometer row ont degree. 

In the Mcond PTpcrimrnt tlic circuit was completed through the tOver win, 
Iton tta liquid roM /uw degree*. 




_«r emote of flHiaK foiw la 

^^ " miIim [■iri iiiiiii t» ' 

thanke vads fiMth, iwlof* htn hii 
nfUlj tbiB if be wnv kit to In mtanl 
I 

t^. Womld girf^ uMifli Uwoagb, in Ihe coatnry fisccAioe, ez> 
hjuMt tb» ariaod npUhr ? 

8^. Wlifli, a tfaa toq)ed(s & cancnt k weak u tke oaftanl i lit w rtw a, 
t, tf. from Iwlnw iq>WMd% thwmgh Uk ovgm on oob «da of the fiab,irill 
HeioteUieorgin on UMOiber iU« ialoiciioDf ortf hbI tknmflinUw 
contm^ direction, wiD it ptodnoe tSkeaaics or as j, effect oo thftt osgsn f 

4°. Will it do 90 if the Derres prooeedixtg to tke or^ao or otpuu W 
tied? and will it do ao ftflcr the animtl lut beoi to Ctf *^**'nM I7 
|tf«vioiu thoclu, ta to be unable to throw tbe intffak into Aetkm ta 
or in a BimilAJr, degree of his owb will ? 

(410) It is far ihe phynologiat to parsae tfaia inqiiify : to bim 
loDgfl to connect these two branehefl of pb7«cftl pbSoeophy, a 
acquaiiitanoe with i>ractic«J anatomy being quite u inditfpeiMable ae a 
thorouj^h knowledge of tlie lawg of Electricity. ** Kcvw^ bowavn;* m 
DatddJ obflervoi, *^ waa there a more tempting field of wwirh, or a 
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iiighcr revwd ofiend for iU saocessful caltivatioD, than that wliich U 
preoented by fmimal EUctriclt^*' 

(41 1) In tlie autumn of 1839, Professor Schoenbcio, of Bale, went 
jli a series of experiments ^ith the London GTmnotus, and ob- 

;. d results entirely in accordance ^\'ith those just described. One 

Ihct, hoirever, was obf»erved during the decomposition of iodide of potas- 
nnoD, whicli greatly surprised those who witnessed it. At the instant 
^bcn the paper, impregnated with the iodide, was put in communica- 
tion with the fish, a visible spark was observed: this spark did not 
occur every time, hut in an exceptional manner, although the experi- 
ments were repeated in circumstances as similar as possible. " So far 
•0 I myself have been able to observe," says Schoenbein ; *' wc never 
obtained a spark, cither at the niouicnt wlien we complete the circuit of 
a galvanic pile, by means of an electrolytic body, or at the moment 
when this btter is put out of the action of tlio current. I dare not 
then express an opinion upon the nature and cause uf tho phcnomonon 
JQSt mentioned, e^^pecially as I fear to decide whether the spark really oc- 
eiuredat the opening uf the circnit, or at tlio im^tant of its being closed.'* 

(412) In summing up some exceedingly interesting remarks on the 
electrical powers of the Oymnotus,* Schoenbein declares it to be his 
opinion, that the true cause of the phenomena is still completely ob- 
scure, and must neither be sought for iu the physical or chemical con- 
stitution, nor in a fixed urganixation of certain parts of the animal : 
but that there exists, without our being able at present to determine 
bow, an intimate coonectiou between the vital actions depeudent on the 
will of the h^\ and tho physical phenomena which theso vital actions 
produce. Until wo know more exactly the nature of Electricity, we 
aboil be unable to detect this intimate relation which exists between 
electric and vital action, until we know whetlicr Electricity is only a 
particular condition of what we call matter, or whether it arises from 
particular vibrations of tho ether, or, in fine, wliethcr like gravity it 
most be regarded as a primitive and specific force of nature. So long 
•e we are without an exact idea of what Electricity is, tho diiferent 
modes of its development will, uf course, bo incomprehensible to us, 
and wc shall scarcely bo able to say anything upon tho cause of animal 
Electricity, even tliongh anatomists and physiologists should have very 
corefally studied the structure of the fish, and should have made ns 
most intimately acquainted with all its fibres and its most minute nerves." 

(il3) EUctridtsf of Effluent Steam. — The first account we have of an 
obteorvation on the Electricity of a jet of steam, while issuing from a 
boiler, is contained in a letter addressed by II. G. Armstrong, Esq., to 
Pfofeseor Faraday, and published in 17th vol. of the L. and E. Phil. 

* ficc a Tr&iulation of his paper in Proceeding* of London CUo.6oc.>\t. V^, 
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4411 ; vol. xrtlL pp. i4, 05^ ^65. 
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ire engine, while ttio stcftm was frucly escaping, and then ad- 
leing the other hand lownrds any condueting hody, he obtained 
•pAzk« of an inch in length : when the rod yvns held £ve or six feet 
above ibe valve, the len^h of the sparks was two inches: and when ft 
buoch of pointed wires, attached to the rod, were held, point? dnwn- 
vnrdd in the issuing steatn, sparks /our inchfi long were drawn from a 
ronod knub, on the opposite extremity of the iron rod. On insuhiting 
ibe boiler, large and brilliant iiw^aiive sparks an inch h>ng were drawn 
frviD it — the Eleetricity of the &team biding |}ositive. 

(•tlG) A small boiler waa constmcttd hy Mr. Armstrong — it wns 
Unuiged on a stove which was insulated j when the rate of evaporation 
WM about a gallon in an hour, and tbe preasure in the boiler 1 00 lbs. 
«n the square inch, by connecting the knob of a I#eyden phial with the 
boiler or stove, he waa able to give it a charge, and he found that Elec- 
tiicity could be collected in much greater abundance from the ovapora- 
ting vecfsolf than from the isauing steam. The Electricity of the steam 
WMA generally positive, that of the insulated boiler being negative ; occa- 
sionally, however, the^ conditions were reversed, and after the boiler 
had beon in use for some time, positive Electricity rarely appeared in 
tlio jet, oven when circumstances wore oiost favourable to its develop- 
in«iit> No alteration was effected by washing out the boiler with 
Wftter, but when it was washed with solution of potath or toda^ 
Utf potUive condition of the steam jet was restored, and, by dissolving 
A litUc potash in the water from whicli the steam was generated, the 
Mtumtity of Electricity was amazingly increased ; on the otiier hand, 
mhieu a small quantity of nitric acid, or nitrate of copper, was added to 
ibe water, the Eluctricity of the steam became negative. 

(il7) Subsequent experiments led Mr. Anntitrong to the conclusion, 
that the excitation of Electricity takes place at the point where the 
■team is eubji'cted to friction ; and, in a paper recently read before the 
Boyal Society by Professor Foraday, it is shown that the steam itself 
has nothing to do with the phenomenon. By means of a suitable ap- 
paratoi, Faraday found that Electricity is never excited by the passnge 
of pure sieanu and is manifested only when water is at the same time 
present; and hence, be concludes, that it is altogether the effect of the 
Cridion of globules of water again^it the sides of the opening, or against 
Um substances opposed to its passage, as the water is rapidly moved 
OBWsrdA by the curtent of steam. Accordingly, it was found to bo 
liMimmwl in quantity by increat.ing the pressure an<l impelling fnrce of 
ili« stMm. The immediate effect of this friction was, in all caj^es, to 
nndcr the steam or water positive, and the solid?, of whatever nature 
they might be, negative. In certain ciroumstanceB, however, aa when 
m wire is placed in the current of steam, at wiow A.\sAa\w» ^twr >^\ti 
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(*18) la Mx. AxMboago kit F*P«H- oa «Im oabject, Im 
Ub Rccat cxpaiBMito haw fiaifinanl theiiwihMi, that die 
tioa of Efectncftf bik«s pface &t tiw poiat when tlM fleHn ii iiil9«<«d 
to 6ictiaai, aad be drwribta aevoial iiB|aim ■■■■!■ ia bk B|ifieiatai bf 
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• Sw an cxcdkiil ■lirtnet oT a Uctnc oa «Ui fateraMfa^ nl^^ dcftnMl 
by Dr. rwadfty at It* Bayal laMitatioa, la tha Iffwlifael Mmfa^mt^ (■ or* 
MleatUk prMieal, tiK itM a^bcr «f «Udi nwla Ito an«KHier •« thtititi 
aal;,aMlertWabl«Mp(ilataidcoe« of lCr.C.r.WalkH.Uiia. deeanary la lk 
Lowlaa BartticaA Sodaty.) U iWe tectaR tt vm 4»am«ia««l dMt CW 
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thdty lad Uffhkatof- 
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h^ ftnd one foot mx inches in diameter. It rests on an iron frame, 
ttalnrng the fire, and the whole apparatus is supported on glass legs 
to ixiuulate it. It is found mucli more conTcnicnt and ciToctunl to col- 
lect Electricity from the boiler than from the steam cloud, but, in order 
to obtain the highest effect from the boiler, the Electricity of the steam 
most be earned to the earth by means of proper conductors. 

(ilO) The foUowing report of 8ome experiments with this apparatus 
furnished by L. Boscawcn Ibbetson, Esq.* To the boiler (Fig. 159) 

Fro. 159. 





Fig. 160. 

£ 



attached a condnctor B, fourteen feet long, and a prime conductor 
C, ^hich latter was supported by four long glass bottles, filled with 
warm water and corked. When the steam was lot off tlirough a series 
of- jets, as at E, all the bottles were covered with beautiful streams of 
Electricity ; and one of the bottles was so cliargcd, that it was fractured 
and burst. A spark was procured from the prime conductor 15 inehe$ 
im Ungth, Ether and spirits of tnrpentino were ignited through the 
knuckles, at a distance of six inches from the point D, Uie conductor 
being removed ; and ifunpoicd^r was exploded by the intervention of 
wetted string, irit/iont the aid of a jar, A Ley- 
den jar, 5 inches in diameter, vnth 6j inches in 
height, coated, placod in communication with the 
point 1>, gave 120 e|)Outaneoua diacharges in one 
minute ; and a jar inches in diameter, with 13^ 
iodi«e in height, coated, gave 28 spontaneous dis- 
^aigosijioneiuinute. Whentheemall boiler(Fig. 
160) was used, tho Electricity from A was potiiive, x^ 
that Itom the steam being negative ; but wlicn 
tb« water in the boiler was reduced in quantity, 
the Electricity from the boiler became negative, 
that of the steam positive. The diango 
Id bo traced taking place. When the boiler 
waa washed with a weak alkaline aolntion, the boiler always remained 
• Prootediiigt of the London Electticfcl SocUty , v ^^1 * 
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difltiront modification 8, is the cauae of ull the pbcnumena 
ffercnt voltaic combinations." By Dr. \Vollas.toM ttiQ 
:[icna were referred solely to clieiiiiciil action ; and he even attri- 
buted Uio Electricity of tho common machine to the oxidizcment of the 
Mnalg&m, and foimd, contrary to Uie experiments of his great contem- 
ponuy, that the electricid machine was not active in atmubpheres of 
hydrogeD, nitrogen, or carbonic acid. Tho first suggestion, however, of 
Ihe chemical origin of voltaic Electricity, is to be found in a pa])et 
eommunicated by Fabroni, in 1792, to the Florentine Academy. This 
pbil>>snpher ascribed the convulsions in the limbs of tho frog, in tho 
experiments of Galvani and Volta, to a chcmicul chaugo made by the 
coQtAct of one of the metals with the liquid matter on the parts of the 
ftoimahl body; to a decomposition of this liquid; and to the transition 
bf oxygen from a state of combination witlk it, to combtoatiou with the 
metal. Ho maintained that tho convuhjions wore chiefly due to the 
^emical changrs, and not to tho Electricity incidental to them, which 
he considered, if operating at all, to do so in a secondary way, Pepys 
placed 5 pile in au atmosphere of oxygen, and found that in the course 
uf a uight, 200 cubic inches of the gas had been absorbed : while iu an 
Btmosphere of azote, it had no action. M^^. Biot and Cuvicr aUo 
observed tho (luantity of oxygen absorbed, and inferred from tlieit 
eiperixnenta that, *^ although strictly speaking the evolution of Electricity 
in ihe pile was produced by oxidation, tho share which this had iu 
producing tho cifects of the instrument, bore no comparison with that 
which waa due to the contact of the metals, the extremity of the seriea 
being in communication with the ground. 

(423) The source of the Electricity of the voltaic pile was made by 
Dr. Famday tho subject of tho 8th, 16th, and 17th series of his 
Experimental Researches. By the arrangement shovvn in Fig. 160 he 
tncceeded in producing Electricity quite independent of Ym, IGl. 
amlaet* A plate of zinc (Fig. IGl) was cleancil and bent 
in the middle to a right angle ; a piece of platinum, about f 1 
three inches long and half an inch wide, 6, was fastened 11 rzr^Jr 



f= = 1 



to a platinum wire, and the latter bent as in the figure. ^| 

These two pieces of metal were arranged au shown in tlic 

sketch ; at X a piece of folded bibulous paper, moistened 

in A solution of iodide of potas&ium, was placed on tho 

zinc, and was pressed upon by the end of the platinum 

wire ; when, under these circumstances, the plates were 

dipped in the diluted nitric and stilphuric acids, or even in solution of 

caustic potash, contained in the vcsj^el c, there was an immt'diato cfFeot 

ai 4", the iodide being decomposed, and iodine appearing at tl»e anode, 

tliat ia, against the end of the phitinum wire. As \ong %i% NXve Vcixvct 
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enJa of the platos remained ta the acid, the dcctric cuncsil pfooecdcit^ 
and the decompusition proceeded at x. On removing the end of iU 
wire from place to place on the paper, the effect was evident!/ rttf 
powerful ; and on placing a piece of tiirmorio paper betwtM?ii thi wltilt 
paper and the zinc, botit papers being moistened with a solution ci 
iodide of potoseitim, alkali was evolved at the cittAvtle against tho SDi% 
in proportion to the evolution of iodine at tlie attocU ; Lho galvaaoiDittr 
also ahowcd the passage of an ulectncal current ; and we havo tbnt a 
simple circle of tbe same cunstmction and action aa thoae doveciM ii 
the last Lecture, except in tliu absence of metallic contact* 

(424) It is shown by Karoday that meta/lie ty/utad Sivoon tW 
passage of tho electrical current, by dimini^bing the oppoatng afl^tm 
AVhen an amalgamated zinc plate is dipped into dilute sulpburic id^ 
tbe force of cliomical affinity exerted between tho metal and tbe fluiil a 
not sufficiently powerful to cause sensible action at the surfaces of oca* 
tact, and occasion tbe decon)position of tbe water by tbe oxi<latioa uf 
tho metal, thougli it is sufficient to produce 6uch a condi^uQ «f 
EltTtrictty as would produce a current, if there were a path open foe il ; 
and that current would complete tbe conditions necessary, luukr ^ 
circumstances, for the decomposition of water. Now when tbe vmh 
touched by a piece of platinum, the path required for the Electricity « 
opened, and it is evident that this must be far more etTectuol than wbcn 
the two metals are connected through tbe medium of an elettr&fytn 
because a contrary and oppofituf action to that wtiteh is inflnratial lA 
tbe dilute sulphuric aci<1 is then iatrodnoed, or at any rate the sAmty 
of tbe component parts of the elcctmlyte has to be overcome, MACiit 
cannot conduct ttithout decompotition^ and thi^ decomposittoD xmtM 
upon, and sometimes neutralizes, the forces which tend to prodoca thi 
current. > 

(42d) Tho mutual dependence and state of tbe choraical afRnittcsM 
two distant portions of acting fluids, ia woU shown In th* foUowiog 
experiments. Let P (Fig. 1C2) be a Fio. 1^*. 

plate of platinum, Z a plate of amalga- 
mated zinc, and y a drop of dihtte snl- 
phuric acid ; no Bensiblo chemical action 
takes placu till the points P ^ are con- 
nected by some body capable of conducting Electricity : U^tn a traxnA 
passes ; and as it circulates through the fluid at y, decomposition 

In Fig. 163, a drop of solution of 
iodide of potassium is Bubetiuit«*d, at x, 
for tbo add : tho same set of efl'ecta / 
occur ; but the oleotrio current ia in tb« ^ — 
opposite direction, as shown by tho 
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. 164, the dilute sulphuric acU, p^^^ jfj^ 

e iodide of poUssiuoi, axe opposed 

yllier at y and x : theru is no r 

\__ — / ' ' 

contact betwwn H»o asiuc and -^ c. — 

m ; but iliure is an opptisition of ." "^ * 

; the stronger (tbat brought into play by the acid) ovcrxMimes the 
ttr, and detenuiues the formation and direction of the current ; not 
making that current pnas through the weaker liquid, but actually 
n^ the tendency which the elcnieiita of the latter have in relation 
zinc and platinum if not thus counteracted, and foToin;:r them in 
trary direction to that tbey are inductxi to follow, that its own 
t may have five course. 

) To decompose a compound by the current from a single pair of 
was considered impossible : by some beautiful ejcperiments, how- 
SFaraday proved that iodide of potassium, protochlorido of tin, and 
e of silver, may be decomposed by a »ngle pair, excited with 
scilphuric acid ; and thereby showed the direct opposition and 
of tlio chemical affinities concerned at the two points of action. 
iim sum of the opj>otinff affinities was sufficiently bcucath the 
a the aetittff affinities, dccompo&iition took place ; but in those 
• where the opposing affinities preponderated, decomposition was 

lly resisted, and the current ceased to pass. 
7) By increasing the inUt^itif of the current, without, however, 
Ig inor« Electricity to be evolved, solution of sulphate of soda, 
ic acid, nitrate of silver, fused nitre, and fused iodide and chloride 
, were decomposed by a single pair. This increase in intensity 
ffected by adding a tittle nitric acid to the dilute Hulphuric acid, 
hich thr battery was charged ; and that this addition caused no 
J in the quantity of Electricity, was rendered evident from the 
hat mere wires of platinum and zinc evolved sufficient Electricity 
nmpose muriatic acid, which compound would not, however, 
a large pair of platea, excited by dilute sulphuric acid alone. 
) The source of the Electricity in the voltaic circuit, is the 
al action which lakes place between the metal and the body wiih 
it combines. A^ eolta-^l^tro- generation is a case of mere 
al action, so roltn-<l^trottccompo»ition is simply a case of the 
derance of one set of chemical affinities, more powerful in their 
over another set which are less powerful ; and the forces termed 
affinity and Electricity arc one and the same. It i^ the union 
Banc with the oxygen of the water, that determines the current 
culnmou voltaic battery ; and tho quantity of Electricity is 
d«nt on tlio (lUButity of zinc oxidized and in a doHnito proportion 
^. Tiie mtensiiy of the current is in proportion lo \.\\q mUnavV^ v(l 
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(iai) AlUuHigb ft piece eT ■ ■n i gwalnd mm hftftiiol» wbco tigu;, 
powfT enough to uke the oxygen aod cKpet the hydrogvo from wito; 
it woald Appear that it has the power eo br to ftct bf ita atinicliim fir 
the oxygen of the pftitidei in eoatftct with it, ae to pleoe thr «iraA« 
Uncet ftlftftdj actiTe between tbev and the other penidea of o 
ftxid the particka of hydrogen in tlie water, in a peculkr atate of 
or polarity ; and prcib*bly ftlao, at the same time, to throw thuav of 
own frarticlca which am in coutaci with tlie wiOcr, into a aimilar, Wl 
f*ppf>»td iUtr. Prftclically, Ihia state of Umeaon 10 boot relifvcU 
touching; Um zinc in Ihc dilnte acid with a metal harinjf a toe» ai 
for oxygm titan the kiiic ; the f irco nf rli(>niica1 affinity i« then tae*' 
frai^l in a inoal vxtruonlinary manner through the two invtaU. and 
aTif'cari imprj^iblc to reDiat the idea, tUnt thu Toltaic coiroot mu»t 
pffvcedod by a $t<Ue 0/ tension in the fluid, and betwera tii« fluid 
tl/e zioc. Fftmdaj etidoavowtcA to ta»h.Q lU\« tUte of teiuion io 
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olecLmlytic cunJuclor ovident, by transmittiug a my of polarised liglit 
tUfijugh it ; bat hu did not sucoood, citlior with solution of sulphate uf 
•K>da or nitrate uf kad. 

(432) By a eeries of beaulifid experiments, FaradAy has sUowu tliai 
cJcctrolytes can conduct a corront of Electricity of on jntenBity too low 
tj> decompoao thorn ; and in the case of water, when the current \h 
fedaoed in intensity below the point required for decomposition, then 
the degree of conduction is the same, whether sulpimrio acid or any 
otii«r of the many bodies which can etfect its transferring power as an 
chxirolytc, are present or not ; or, in other wordn, tliat the nccetnary 
ciectnilytic intensity for water is the same, wlietlier it be pure, or ren- 
dered a better conductor by the addition of these substances ; and that 
fcr currents of less intensity than this, the water, whctlicr pare or 
Acidalated, has equal conducting power. The following remarkable 
eoncUision is also pointed out, viz., that wlicn a voltaic current is pro- 
duce] having a certain intensity, dependent npon the strength of the 
ebeniical affinities by which that current is excited, it can decompose a 
pBitiouhir electrolyte, withoot relation to the quantity of Electricity 
pMsfid ; tlie intenvUt/ deciding whether the electrolyte shall give way or 
not ; and if this be confirmed, circumstanoca may be so arranged that 
tllB Bomt quantity of EUectricity may pass in the same <iW, in at the 
isma wrfaee^ into the $ame decompofirtff bixly in Oie sama gtai^, and yet 
difftring in intensity, will iUcomj)o*& in on« com and not in the other : 
for, taking a source of too low an inteuMty to deoomposei, and ascer- 
taining tlte quantity passed in a given time, it is easy to take another 
source, having a sufficient intensity, and reducing the quantity of 
Electricity &oro it, by the intervention of bad conductors, to the same 
proportion as tlie former current, and then all the conditions will be 
fulfilled which are required to produce the rosnlt desired. 

(+33) What follows ia exceedingly important. From tlie principles 
of olcotrolytic action, it is evident that the qumitity of Electricity in the 
cvnent cannot be increased with the quantity of metal oxidized and 
dlMolTod at each new phice of chemical action : hence in the compound 
voltaic battery the action of the number of pairs of phites is only 
lo urge forward that quantity of Electricity which is generated hy the 
fiivt pair in the aeries, and this is effected by the amount of decompoai- 
tioo of water and oxidation uf zino being equal in each cell. A little 
OOMoideratioQ will render this c%ident ; for if we consider that by the 
decomposition of a certain quantity of water in the first cell a certain 
qoantity of Electricity (eqairulent to that associated with the water 
decomposed) is evolved, it ia clear that before this Electricity can pass 
tl^rough the second cell an equal quantity of water must be docom- 
|NMod» and this can only be effected by ^ta^f/jjgjj/^ of an Cf\ua\ woi^U^ 



202 



of zinc : and bo for each succeeding cell ibe ettfctrocliemical «t]iii\'alcaC 
of water miiiit be decomposed ia each bt'fore tlic curraol can \mm 
tbrongb it, and tbis tbeoretical dcdoction Fandfty baa proved by dtnel 
cxfteriment. Eucb ct:U, tben, gives a frcsb impoUe to Uio Ekictrietlf 
generated in the tirst cell ; or, in other words, inoTeaae» the I'w im ii y of 
ibe current ; and though wo may not know what in^nWijtr raallfia, 
being ignomnt uf the real nature of Electricity itfit^lf, it is not dU&cak 
to imagine that the tieffree of intensity at which a carrent of E1««lridtf 
ia evolved by a first vultaio element^ shall be incteaecd when that cnr^ 
rent 19 anbjicted to the action of a second voltaic etoment, acting ia 
conformity and possessing e<]ua] power with the Brst, 

(43+) It is argaed by Popgondorf, who has publi»beii in \m 
"Annalen," Jan. 18 1*0, a mo^t profound paper on the tlioory of tb* 
voltaic pile^ that the olcctrolytic law is no proof of the chemical otigm 
of the Electricity of the vnltnic apparatus, innamucb a« it ia tbff 
property of aH currcnte, roltaic, frictional, magnetic, thermal, and ani* 
tnal, to decompose on their passage ibrongh a series of diiferpni 6aidi 
equivalent quantities of cacli. But tbc greater port of this elaboillv 
memoir is directed against that experiment (i24) on wbicb eo iDudi 
stress is laid by the supporters of Uio chemical tlieury, in wbich^ av irv 
have seen, two strips one of zinc and the other of platinum, arc sopaialBd 
at their extremities, on the one side by 8ul])buric acid, and on tbc other 
side by a solution of iodide of potassium. An electric i. \\i~ 

occurs in a direction which indicates the preponderance of ti 
acid circuit over that uf the iodide of potassium. Now, in this experi- 
ment there is, ^rat^ the affinity of the oxygen for the adnc ; and ttamd^ 
the affinity of iodine for tbc same metal ; both endeavour to excitta 
current, but that of the oxygen being the strongest, sets more Elec- 
tricity in movement than that of tbc iodine; the latter is tberelota 
overpowered, and a current thus originates in the dirtxtion of tht 
affinity of the oxygen, wbicli, at the same time, since the two 
do nut touch, ia considered as alTurding a proof of the non-necraattj 
metallic contact to cxcito voltaic Electricity. 

(435) On this experiment the following remark is made by Poggaf^ 
dorf : — ** The experiment is so remarkable, and the cxpUnAtkm gtm 
has in appearance so much plausibility, that it is not to be wondered at 
if the fni[tporter9 of the chemical theory have regarded it aa tbo main 
prop of their opinion. Upon the defenders of the contact theory, kww- 
over, it made but Little impression, probably from their bclievinjf UmI 
no regard need bo had to an isolated fact, s]>eaking apparently in favoitr 
of the chemical titeory, cunsidoring tlie numerous objcctiun* which OMiy 
br urged again?! it. lu general, they may bavo cx>nteut«d theroaalvca 
witli this otfiurwisu porfictly correct position, ttiat one mota] oa noun mm. 
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contact wttl) two fltuds^ can no longer be regarded aa a singtv 
so tliat in Faraday's experiment tliat end of the zinc bar which 
icLed the sulphuric acid would be positive towards that which was 
icd by the solution of iodide of potassium." The German 
>feasor then details a vast number of experiments made with two 
and two fluids not in contact, and states the foUo^ving aa the 
xcsults : — That the magnitude of the eiectromotief ft/rce in general 
lUared^ Bomvtiirufj incrsa$ed^ aom^tUnei diminuhc^^ hy any ^uhttancet 
t*i tcatt^^ be it an alectrolj^tc or not^ and indc^l^ (tchich thould 
iteil <)b$eretdyj increased /or one metal combination^ and diminithed 
for another^ h^ tfie saine tubtitanee, added to t/ie tcater in the tame pro^ 
*tiim» Kor ha* he been able to Jind that thi* force itands in direct 
to the ener<ftf of the ajfinitt/ beticeen t/ic positive metal and the 
negftUive conetitnent 0/ the Jluid. It m veah in c^uee tchere thie energy 
mu$t be conndered a$ etrongy and^ on tlie eontrarp, ttrotig tchere but a 
weak affinity can be admitted. Frequently indeed a current oriyi" 
and ai timet a pourer/ul <wi«, ichere, to Judye from the affinity^ 
the eliyhteet action should be e*rpecied, 
(43H) As another result of his experiments, Poggendorf submits 
kt tlie position tliat those bodies which, brought between the metallic 
teuta of tlio voltaic pile, render it active, are all electrolytes,* must 
be thus altered, ^''that the fluids between the metallic plates must, it is 
true, bo electrolytes, t. r,, decomposable bodies, since at least with 
aqueous fluids, and with a certain intensity of current, no conduction 
Cftu take place without decomposition ; but that the electromotive force 
which is developed on the contact of tlip-se fluida willi the metals^ is uot 
in any necessary connection with tho conductivity or decompo^ability, 
can be increased or diminished by bodies which are not electrolytes^ 
tf. not directly decomposable." 

(437) Professor Poggendorf is not satisfied with the paeeice part 
wliioh the chemical theory assigns to the negative metal in a voltaic 
oatubination. He thinks his experiments warrant tlie conclusion, that 
t( ifl essential to the yenereuion of the current. If the negative metal in 

circuit lias merely to net a passive part, to perform merely the 
ction of condiictiny^ then tlie best conductor should produce the 
ctrongest cnrrent, or rather the greatest electromotive force, and as cop- 
is a better conductor of Electricity than platinum, a coppcr-zino 
uit ought to bo more efficacious than a platinum-zinc circuit, which is 
t(» fact. 

(438) With respect to the experiment with sulphuric acid and 
ido of potafistum, tho German electrician states that it is only at 
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fittt And tranritarily that the sulptiuric &cM htu the w^qwlm ey, 
that subsequently, altUougli unquestionably it attack* the sine 
violently than the iudicle of potassium, it gives way to the Utiiir Mlir 
a fact he thinks concluitive against tbo chemical theory. The tnton 
that Faraday obtained different resnlta is to bo accoonicd for Crom 
ithe sulphuric acid not being pure, bat mixed with nitric acid, in wliidi 
it always maintain? a high degree of superiority over iodid* o( 
potassium. The addition of the nitric acid, according to Uio FaRuUran 
tlieory, increaws the intenntp without int<>rforing with the fwaiUity "i 
the Electricity produced ; but if the intensity of a clicmlcsU action ii U> 
be measured by the quantity of metal dissolved from a unit*^ of 
in the unity of time, then if Milphnno and nitric acids be taken of ti 
a degree of concentration that they botli diasoh-e just tbo same quaal 
of a hke zinc surface in the same time, there is, say« tlio German 
feasor, no reason why the nitric acid should enjoy any t<ing]e adrant 
over the sulphuric acid, more particularly as both sro noQ-oloctrolyl 
Nevertheless, as nitric acid docs devclope a greater di^greo of 
motive force thau sulphuric acid, the chemical theorista must 
that the qrtality of tlie chemical action produces a tpecifio ditfcteoc 
the excited Electricity ; hut Poggendorf declares that lie haa 
himself in the most positive manner t/utt th<f ntuU of iJte adMtiofi Q 
nitric acid doe* d^cidedfy not arite/rom tht cMtnicnl tUtack of this 
on thd zinc^ but »oUltf from an action of it on th« /dittinum, Tbo 
were separated by animal membrane, a zinc (amalgamated) plate 
immersed in the gulphuric, and a platinum in the nitric acid ; the two i 
plates, zinc and platinum, standing in solution of iodide of pol 
The result was, i/tat the stfpanUfd aeul$ not onli/ fxeite an 

quite as great a* the mieed, hut hare a flight iuperiarity' 
the$6 : a fact, in the professor's opinion, perfectly destroying the di 
cal theory of Galvanism. Finally, not only the cases examinod in 
.memoir, but others in previous once by Fechuer and others, are 

)red as proving in tho most evident manner that the enofgy of 
direct chemical attack of ttio 6uid on the positive metal does in no way 
stand in any connection with the intensity of the excited electromotive 
force; and, on the other hand, it is not prorM that tho local aetioQ it 
ever converted into circulating, or weakened by it<* What hA« bees 
advanced as such is fotmded on error. And lastly, it is urgod that 
decrease of the hydrogen at the xinc, which results on the olosing e£ 
circuit, does nut happen from a tranrfrr of thli hydrogen ti the 
tivc metal, hut simply from tho oxygen being carried by the cui 
the vine, and there combining with the hydrogen. 
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(430) Tho tlieories of voltaic Electricity have been examined with 
mucb attention by Profeasor De la Rive, of Geneva. Tlie following is 
a brief abstract of an admirable memoir which he publidied in 1828, 
ciititlcd, *^* A naft/ti* of the circttmsianccs icAicJ* determine the direction 
and itiUntitf^ of the electric current in a voltaic pair »** 

(440) let. — He strongly contends that, insuring tlie absence of calo- 
tiBc and mechanical action, no Electricity can be dcTclo|>cd In bodies, 
when thoy do not undergo chemical action. All tho experiments that 
hftre hitherto been brought forward in opposition to thia, are nnsatis- 
factory, owing to tho very great diflSculty of securing the absence of 
chemical action in their prosecution. Messrs. Pfaff and Becquerol cm- 
ployed a condenser, of which one of the plates was copper, and the 
other Kinc, between which a communication was eatabliahcd by means 
of an insulated arc of copper : the plates were put in vacuo, in hydrogen, 
or in azote carefully dried; or the copper plate was gilt, and the zinc 
plate covered with a thin coating of lac vamifih. But Dc la Rivo saya, 
it can easily be shown, tliat in one case suflicient air (atmospheric) ia 
always present to produce slight oxidation of tho sine ; and in the other 
the coating of vaminh is too thin to prevent oxidation, which took place 
tliruugh tho pores the alcohol produced by evaporation. 

(441) But chemical action may be entirely excluded. Pairs of pla- 
tinum and rhodium, and pairs of platinum and gold, give no current in 
\ery pure nitric acid ; nor do pairs of platinum and palladium in dilute 
ralphuric acid ; but a drop of hydrochloric acid in the one, or nitric 
acid in tho other, immediately determines one. The following experi- 
ment was made : — 

Two plates of perfectly poliahed steel were immersed in a flask con- 
taining solution of potash ; one was insulated, and the other metallically 
fixed by its extremity to a plate of platinum immersed in the same 
liquid : the two steel plates were fixed in a cork, the upper end of each 
pasMng into the lur. In three years the immersed surfaces had not lost 
any degn-o of polish ; yet, according to Volta, the plate connected with 
tho platinum ought tu have been oxidated, particularly, since potash is 
a good conductor of Electricity. The ends outside tho cork were both 
oxidated — tho associated plate by fnrthc most so : hence it follows that 
oxidation must have commenced in ordL*r to tho existence of an electric 
current. The current produced by this oxidation, decomposes water, 
and in consequence determtues a stronger oxidation on the steel plate 
connected with the platinum ; and this oxidation, in its turn, increases 
tho energy of the current, and is thus both cause and effect. 

(4i2) lie says sullicient attention has not been paid to the formo^ 
tiun nf coatings of tutoxuU on the surfaces of metals, which sometimes 
take plooe with great rapidity, and may be seen, by com-^oxin^ lUu i&- 
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cently brightened eiirface of a ineUl with one UiAt liaa for 
bt>en exposed to the air. If a bright surface be robbed wiUi & ectk^ kkt 
metal ia alwajrs negative ; but if the rubbing be defenvd for a time, tk 
metal is always positive, even in dry air. Tliia is eridmUy oocaaMooi 
by the formation of a coating of suboxide, vvhich it ranoTpd bf tKt 
rubbing substances, the friction nfterwards taking place btiwoctt tW 
roetal and ila oxide, which causes tlie ft^micr to be positiTe. MgtSn^it 
a niotal which has been bri^htenod and allowed to nniain for aoaw tini 
in dry air, bo fixed to the negative polo of a batterr, and a pUtc of piv 
ttnum to the positive, and both immersed in dilute sulphar^c k>1. 
oxygen appears at the [nwitive pole some seoomla before the hydn>^ 
allows il«elf at Uie negative, wliicli shows that the latter most bare Urn 
employed in deoxidating the negative metal. 

(443) Tlie experiment of Becqnerel, of immersing pure oxid« of 
manganese and platinum in pure water, is niso unsatisfactory ; for IIh 
current is not perceptible for more than half an hour, during nhicli 
time the Electricity due to chemical action (either from tlie slt^tt 
deoxidation of the peroxide^ or the formation of a hydrate)^ is acctuau* 
lating — here the platinum is positive. 

" All chemical action diaen^jages Electricity; but the F' li»- 

engaged, is not, in every case, nor under every form, projK t i ■ tJM 

vivacity of tlie chemical action. Two principal circumstances mxf 
explain this anomaly ; — viz., the immediate recompoaition in ■ ha^ 
or smaller proportion of the two Electricities, at the points at which 
they are separated by chemical action ; and the particular nature of titk 
action, which according to the bodies between which it is exerted, givM 
rise to electric eft'ectd more or lc<8s intense." 

(444) It is necessary here carefully to distinguish the Efeetiidly 
perceived from the Electricity produced : the latter must evidently be 
proportiomil to the extent of the chemical action ; that ia, that in i 
given time it depends upon the number of chetnical aUtrnt wliich an 
oombined, and consequently upon all the other ciremnstineea wtucb 
may have exerted an influence upon the number of these combinationf 
(the extent of the sxufaco exposed to chemical action, the viTadly «( 
tliat action, &c.) The Electricity perceived, is a portion of the Elcr^ 
tncity produced, a portion which depends on the reUtive conductiLUily 
of the bo<iies entering into the system in which the Eli^tr' ' . " pro- 
pagated, upon the dispo«itiou of the different parts of tli . iaH 
npim the nature of the apparatus to be employed in sbowmg^^| 
presence of the Electricity, Arc, circumstances which all have an mHP 
•noo on the degree of facility with which tho two electric primipln 
CdUow some certain course, or booome again iramediataly united lo thtf 
■una aiufaoo from which by chenucfli Mtioa Uujr an aopwated. 
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t3) Wbcn a capsule of platinum, filled witli sulpliurio or diluted 
acid, U placed upon thu plate of a condensor, and a plate of ziuc 
the tinkers is immersed in it, a very feeble charge is givcu to 
if the condtiiider, although the cliemlcal actiun may havu been 
ly : the reason iff, uut tiiat there has uot been an enormous dia- 
»roent of Electricity — a fact %vliicli may be proved by emploj-ing 
MV in producing a current, — but, in this experiment, the 
tricity devetopeil in thu ziue, unites with the positive with 
hach greater facility than it can pass through the Bngers and the body 
»e experimenter, in order to loswi itself in the earth. There will, 
fore, be only a very feeble positive tension, often scarcely any ; but 
diluted acid is replaced by coucenirated sulphuric acid, though 
icmical action will be Icaa lively, the electric tension will be much 
[er, this acid being a very bad conductor, ond the passage of the 
tcctricity from the liquid to the metal immersed in it, being ejctrcmely 
difficult, the two Electrioittcs uniting, on the surface attacked, in much 
kmallcr proportions : if, instead of a piece of metal, a piece of wood 
rmther moist is immcTsed in the concentrated sulphuric acid, the /to sU hit 
Untion acquired by the acid is still stronger. If a capsule, made of an 
pxidable metal, be employed, and after heating it, a few drops of a 
liquid capable of attacking it at that high temperature, in ever so small 
(pure water l* sufficient), be poured into it, a quantity of nt»ga- 
Ileotricity is developed, which is sutlictently strong to be sensible 
it the assistance of the condenser, and even to give sparks. In 

tease the drop of liquid injected into the heated capsule is converted 
vapour while it is attackuig the metal, and carries off with it the 
ive Electricity which cannot then combine immediately with the 
live Klectricity left in the metal ; but if even the smallest quantity 
quid remains in the capsule, nnvaporized, the immediate recompo- 
a takes place, and only very feeble traces of negative Electricity 
enn be obtained. If the Electricity developed by the action of a gas, 
or by that exerted by a humid body^ such as the hand, or a piece of 
wood, upon tho metal with which it is in contact, be often much 
ftironger than tho Electricity resulting from the much livelier action of 
^JMuid, tho reason is, that in the former ease, the immediate rccom- 
^Hpon of the two electric pnnciples, is almost null^ in consequence of 
tho imperfect conductibility of tho exciting boilies, and that the Elcc- 
I^Oty produced is almost entirely perceived. There i», however, a 
^Bt recomposition ; for the negative tension of an insulated metal is 
^^phly aurrmented by giving a translator^ motion to the gas which 
^^bks its Hurfaoe; the consequence of wliich is, that the positivo 
^Htricity accumulated in the gas, being removed with it, cannot unite 
Mft tho DcgaUvo left in tho metal. The principle of ihft \n\nvcd\a&a 
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recomposition of tlio two Electricities applies also to the pre! 
electric ciirrenta in a pair. In ver)- lively clietnical actiona, t'. 
propordon of tbe Electricities developed oficu nodcrgoes tlil- i ' 
position; a small part only runs througli the wholo circuitf i -, 
if it be not a very good couductor, which is the reason iIil' i. 
strongest currents are not always those produced by tha most Krcly 
chemical actions, and that in a pair the metal most attaclccd, u mW 
alioays iha positim ojie ; that is, the one whence thu current cock 
mcnoes. However, the latter case occurs only when each of the tw\) 
metals of the pair are immersed in diScrcnt lir|nids« A single t:sxiD- 
pie may be adduced : a plate of zinc is immersed iu conceotrated till- 
phuric acid, and a plate of copper in nitric acid; the two acidi tre 
immediately in contact, and the two metallic plates communicate irj 
means of t)ie wire of a galvanometer. In this pair the zino is potttin^ 
lliough it 19 much less attacked than the copper, bf-cause the <•> "' 
tricitics developed by the action of the sulphuric acid on the . 
be more easily reunited by making the tour of the circuit, than by par- 
sing from the sulphuric acid to the zinc, and reciprocally ; while OB 
the contrary the two Electricities developed by the action of the nitric 
acid on tfic copper, reunite immediately with the greatest facility, io 
consequence of the conductibility of the nitric acid, and the roAdy pa^ 
sage of the Electricity from that acid to the copper; while to maka 
the circuit, they would be obliged to traverse the concentrated sulphoric 
acid, which is a very imperfect conductor, and pass from the zinc to Uie 
acid — a very difficult passage. Two circumstances prove tbe exaeti- 
tudo of this ex])lanntion : — I . The same result is obtained tn tbe pre- 
ceding experiment, by substituting a )>latc of zinc similar to that 
which is immersed in the sulphuric acid, for the plate of coppgr in* 
merscd in the nitric acid. 2. If a capsiJe of phitinum be put upon th« 
plate of a condeuscr, and filled in succession with nitric acid, and ooo* 
centratod sulphuric acid, and a plate of copper or zinc held between tbe 
fingers, be immersed in the former liquid, and a plate of zinc in tli0 
latter, a much stronger positive Electricity is obtained iu the stvQod 
case than in the first. ^^M 

(44(3) In applying these principles to the explanation of the tbflip 
of the voltaic pile, Do la Rive remarks, that the uae of tbe pile k to 
facilitate the passage of tho current through imperfect condue(orai| llid 
not to increase t/te quantity of Elixtrieity ; for tlie ntmoHt tbat e*a be 
efiboted by a pile composed of a certain nnmlxtr of similar pvira, u tv 
compel all the Electricity produced by only one of its pairs, to pais 
through tho conducting body, wliich connects its pules. Tbe only 
means uf attaining this object, is to separate the two metoli* of a put, 
by other pairs, as similar to Uie fiivt ad possible. Thoso tuttfrnicMliaii 
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n> tbc nnmber of wbidi sliouM correspond to tho more or Icbs sin- 
t conduutibility of the bodies iutvrposcd, will cacti produce as 
Electricity, as the oxtrt'tnc pairs. But ihe^ Elcctrici til's do not 
ikrongh the c^tntlurtor^ they only compnl tbc Electricities of the 
e pairs to pass tbrowgh it almost in totality, 
(♦47) \jQX us see how tliis effect is produced. " We shall take A pile 
sctivity, aud suppose that all tbc pairs of whicli it is composed arc 
exftctty similar in ii'ieiy respect, tlmt tlio frco Electricity on each of 
em has the same intensity. Let &, be a pair in tho pile taken at 
d, and disposed in such a manner, that its zinc is immersed in tho 
liquid as the copper of the pair a, wltich precedes it ; and its 
copper in the same liquid as the zinc of the pair c, which follows it. 
Tbc chemical action of tbo liquid upon the zinc of tho pair ^, develops 
in it a certain quantity of Electricity; the portion of this Electricity, 
which does not undergo immediate recom position, remains free, and tbc 
4ame for all the pairs, they being similar and symmetrically dit^pused, 
with relation to each other. According to this, the positive Electricity 
of &» dureloped by chemical action, in the liquid in which the copper of 
immersed, neutralizes the negative Electricity of this latter pair, 
1 is equal to it. In the same manner, the negative Electricity of 
hich by chemical action is carried tu tho zinc, and thence to the 
', in contact with the zinc, neutralizes tlic po&itive Electricity of 
also is perfectly equal to it. There remains then an exceas of 
itivc Electricity, in the liquid in which the zinc of a ia im- 
and an excess of free negative Electricity, perfectly equal upon 
' tho copper of e. But tbew free Electricities are neutralized by the 
^ttual and opposite Electricities of the following pairs, with regard to 
^Hkh, wc may reason in tho same manner as for the pairs <z, &, r. 
*Tlxeiioe there results an excess of free positive Electricity at tho extre- 
^jtef oi the pile, at ttie side of a; and an exactly equal excess of nega- 
^H Electricity, at tbc extremity, situated at the side of b, Such is found 
^Hbc tbo fuct^ if a communication be eistablishcd between each of the 
PHBemitics and an electroscope; and if they be united by a conductor, 
iha two excusHCS of free Electricity arc collected together and form the 
nt. The intcnnity of this current as experiment has provcil, ought 
perfectly equal to that of tlie current which is established in the 
teclf between all the pairs." 

48) M. Do la Hive next proceeds to show how it happens, that 

the quantity of free Electricity developed upon each pair of thu 

frcc|uently, not nutlAfifttatiealii/ tho same, yet tho current which 

a conductor, uniting the two extrennties, is still mafhcttut- 

rqnal to that which traverses each of the pairs. 

o establish this important result, instead of ^oldonnf^ \Ju<i ia&>^ wv<V 




fe 




no 



VOLTXrc FLECTRTCITV. 



copper of the same pair to coclt otiier, an indcpocdent cooductor miM 
be fixed to each. By means of these two cdndnctora, a metJitr 
municAiion ia estaLltahed between the two mctnU of tbe pair, l 
terveotioD of one of the wires of a double ^vauometer, Uit i 
wire of wliich serves as eonduclor to the current of a eeootid pair ui ua- 
same pilc^ or to effect a communicntion between tbe two po]««. 

(449) If these two currents aro carefully made to pass in - 
directions, in each of tlie wires of the galvanometer, their action 
needle will be always found absolutely null, provided tbey are matlir- 
TnaticaDy eqiml. This equality in easily explaine^l. T;i* 
feeble pair in the pile; let K be the pair; tbe positive Kl 
engaged by b^ cannot neutralize nil tbe negative of »; there will muiin 
then, in the copper of «, an excess of negative Klectricity, which irHl 
retain, by neutralizing it. an equal quantity of positive; the rr^nlt will 
be, that a, though niuch Btronger than £, can only set at lili^v % 
quantity of puBittve Electricity, equal to that uf b. It appvan fna 
thia analysis, that the current of each pair, and consequently the cnnrat 
of tbe whole pile should be equal to thu current prcKlnced by the 
tceakvM ptur. Now experiment fully proves, that if a feeble pair ia in* 
troducod into a pile composed of energetic pairs, tbe immediate ivsnlt a 
a considerable diminution in the force of the current of the pile, aod 
consequently of the current of each of the otbnr pairs. But this n)dao- 
tion is never sufficient to render this current equal to that, which wtmM 
be developed by the pair, introduced in an isolated state. Indeed, aoy 
pair whatever necessarily produces a greater quantity of Elcctncity, 
when it is in the circuit, than when it is isolated. From those valuabli* 
remarks, wo see how necessary it is, in the construction of fxMDpuund 
voltaic batteries, to prepare phites as similar as possible, both in ii» 
and quality of metal ; for of how many pairs soever the armngeraeBt 
may consist, and how perfect and alike soever all the other pairs may 
be, the introduction of one smaller, or faulty pair, will inevitably rcdoci 
the power of the buttery to that, which would result from an vqidd 
number of pairs of plates, of the siito and condition of the feeble pair* 

(450) The same indcfiitigablc electrician published also in 1894 
another eesay, embodying a series of experimental argum^ntd againA 
the contact theory. Tliis memoir was aftt^rwards roplifd to by Peobafl^ 
in a paper published in Poggcndorf 's Annalcn,* entitled ^^ JuattiioaUsun 
of the Contact Theory/ I shnll give one or two extracts from each of 
these memoirs, more, however, with a view of exhibiting specUQCOa flf 
the profundity of thought and skill thrown by both ute the 

argument, than with an expectation of enabling any >^l«r9 tft 

fonn a conclusion respecting these hardly contested theories. 
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I) Amongst otlier impoftant cipcrinienU, quoted by De U Rire, 

fotlovring. A piece of potaasium or sodium wm find, is a M&d 

, by one of its ends to a plafciocmi foraepOy wlttle the otlicr fx- 

Uv was held by means of a wooden or ivury ob6^ li^ after bai 

l»tgbteaed it, it ia aorroonded by very pure oil of aapbtha, and 

be touched with the end of the plaUnom foroqaa^ bh> cI< 
in observable ; while, if the naphtha o3 ta taken oA^ aad mooB 
adhering to Uie met;^!, tliia is observed to oxidate rapidly by 
i of i}ie air, and the Electricity indicated by the cle ctro a wp e is aC 
most lively kloA. The condenser is 9cai<ody BoaeaBary to soderil 
tible. If, »ometimc«t, some indicatieoa of Electridty 
the potasbinm or sodium is on the oil of naphtha, then a 
lily of humidity haa been introduced into the liqaid, whadi 
adhering to tlie surfaces of the two metals, and wliich 
a dicmical action, which it is easy to recogmseu 
and in hydrocen, the two metals still give rise to a 
of Electricity, procoeding from the action exerted npoa tlveai, either 
the gaa or by the aqueous vapour, from which it is 
to free them ; and io proof of this chemical action, we ai 
loee their metallic brightness and become tamisiied, very 
Itavp taken place in the air. 

(462) By a variation in the method of p ctf'UMiia g this 
Fechner brings it forward as fumi«hing an arguntent o^ijuf ttK cbemi- 
cal theory. If the potassium be brought into eo nneii on vitk tSaa eMtk, 
by mcana of tnoUt wood, cltcn powerful actieo n produced ta the p^ 
tioirum, arisng, according to the chemical theory, from tbe 
mt^utk produced tlirough the moisture, and according to the 
^^^Dr>* frrjm the increasiied conducting power of the wood. If the 
half of the bar of wood, which stood in connexion with tbe 
was m<Mstene<), and the other half aJr-dried, then no effect WA 
Cfi the condeti5>cr, provided the dry half of the wood wat heU 
faftftd ; and this was cveu the caae if the potaosiiim waa mowtipul 
actdniated water during the contact, so that a violent 
took place, a proof that the non-conducting powv of the diied wood h, 
sttfficiiftt to explain the negative resnit. 

A delicate electrometer waaconatmcted to preeent thei 
surface : it consisted solely of a very thin and short braM vrin^ whtdi, m 
the ass of a surrounding gum Uc cylinder, travrrvied thn perlbfalcd hoi-l 
torn of an inverted drink ing-glasa, and frum which, within the 
mspended, between the pole pbtea of a dry pile, a vwy abmU'J 
leaf, 3.^ inches long, while the Electricity couM bo tra«rfWf«d to 
prominent end of the braan, without the gUae. Into the potaariw 
WM baected & thin pUtiunro wire, aa short aa the eoavaaiBiiaD nl 
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fer or the ElecUicit/ alluwed, and Utu toll iteeir, Ibr tin |Mrpo««f io- 

cicasioj; its surface, was presecrd betweca two copper platoa, wliidi liaJ 
been soaked in pctrulcum, as smooth as wa« po0aibS«, withi^t cuttiu; 
the potaasmro ball with ttie platinum wux*. l*)ius, the entire doctru- 
meter migltt have been somewhat about doablo the size of the sarfjioci 
of the potassium. The potassium disc, with tlic apwBnla bent pkiti- 
niun wire prooceding from it, was placed in a small ^1a.««^ and i.»rcMl 
with petroleum to about half an inch high, the pLitiuum wire wbicii 
projected from the petroleum, &nd which nowhere toudied the ghv, 
was discharged on to the electrometer, the glass being held in ll:' ' ' 
The diecrffence to the suU tchick indicates the ne^nihe Eltt^tricu^. 
td in this eaWf quiu a* oomttanllyy ^ridUntly, atui e^rtain/y, as tf (Ju 
potassium had b^n instdat^ in lAe air. It is true, obscnea Feohao; 
that when tlie potassiam is brought from the air into the petzalesat, 
the chemical action of the adhering moisture is sliown by the gaabflb- 
blce which rise from the liquid ; but this development of gaa toon CMsei, 
and, twenty-four hours after, it had entirely disappeared : the eieetiiol 
signs in the petroleum were oft^uiu the sajtu; foi ^ as daring tl»« do- 
vclopmcnt of gas and even in the air, so that any objoction ratwd uQ 
the grounds of chemical action b valueless, and the experimmt is CB* 
iirely in Tarour of the contact theory. 

(453) From experiments described by De U Rive, in which t«o 
siniilar plates of zinc are furnished with a bra^ knob soldered 10 
eacli, the inner surface of one plate and both exterior and interior sot* 
faces of tlie other being covered with Uc vamish. When these plaltf 
are mode sometimes to sUnd in tlie place of the plates of n condeDttC, 
and sometimes using one of them and another braas plate, it was shown 
that when entirely protected from the action of the aur by means of a 
layer of varnish, a plate of zinc does not become electric in its ooidact 
with A brass knob, and indeed that it conducts itself as a humogeneotu 
plate of brass ; for when the brass knob was touched with the copper 
element of a heterogeneous plate, the zinc of which was held in tlie 
hand, it became charged with negative Electricity, though according to 
the contact theory all kind of action shutild have been noutnliBcid, fniui 
the opposition of two pairs of plates perfectly Himllar. 

(i54) Tlieso experiments were rojKiated by Fochnor with oontiary 
results. He states, that in order to lay aside the objecliun which 
perhaps might be raised respecting the cliemical action of the air upon 
the copper knob, ho fixed a platinum wire to it, and Uien TvnislMd 
tlie whole over so as to have the platinum alone exposed. Nevcrth^ 
lc»», wlicn the platinum was touched witli thu finger or with a »lip of 
paper moistened in distilled water, the xinc condensers bMrame quits 
M well charged witli positive Electricity as if it hod not been var* 



Iil<»1idd, BvCt^uercl auJ rellicr arrived at flim'ibr results;* and PfaO", 
who bUtCd that lie repeated Do la Rivo'd experiments quite in ao- 
cmrdanoc with his own statement, always observed the same aciion of 
the zinc coiulcDser^ irith as wiiltoiit vnrnish. 

{ i5^) The follo%%-ing experiment id produced by Fechncr as an 
^iTperimentum crucis against the chemical theory. Ten pairs of zioo and 
copper, in every respect as o(|ual to one another as possible, wero 
arranged into a '^ couronne des tasses/' so Uiat half of the said pairs 
produced a current opposite in its direction to that whloh was ori- 
ginated by the other half. The exciting fluid used was common water. 
Sucb au arrangement being connected witli tlie galvanometer, can, 
acGordiiig to cither of the two tlieorios, have no effect upon the needle, 
pfovided everything in the two systems of cells be equal : muriatic 
aod was tlicn put into one of the systems, and it was fuund that in 
these circumstaaces the previous equilibrium was in the first instance 
laatntained, but tliat by degrees the current of the water cells got the 

tKodancy over the acid system. " According to the contact theory," 
B Fochner, ** the exiilanation of this cxperiiueut is eai*y/' The 
addition of muiiatio acid iucreabes the action only by diminishing tho 
opposition to the conduction present in the circuit, and this diminution 
Juf as great advantage to tho Electricity (which is developed by con- 
^B| in the cells without acid) in its entire circulation throughout the 
circuit, as the Electricity of tho pairs of plates which are in the very 
ncid fluid. " How the result is to bo explained according to tho 
chflmical theory, I cannot conccivo." 

(456) I think, however, that Schoenbcin lias given a very satisfactory 
explanation of this exj»eriuieut on tho cAemicni principle. From Uio 
resnlte of various experiments, it appeared that only in a few instances 
(he chemical diffcrcnco of tho exciting fluids contained in the two sys- 
^Ccms of cells detcrtnincs a difTercncc of currents produced by the two 

«i of pairs, and that the general rule is the production of current 
ili^iuffi. Now it had been established by De la Kive (WS) that 
Oic electricities which are set free by chemical action at the two ends of 
A dosed compound circle, unite themselves iu two ways : one of which 
is the pile itself, the other the conductor placed between tltc polos, the 
quantities of Electricity recombining within each of the two conducting 
liums depending upon the pecuUar degreo of conducting power in 
If in the case in question wo consider tho acid cells as originat- 
ing the current and tho water cells merely as the medium placed 
bctwrcn the poles, it is evident that by far the larger portion of the 
KUctricity developed niudt be re-united within the pile, and only a 
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no current passed, thongit heating eitlipr of the jnnctionB at n, 
iT, caused o tkcrtiio^nrrent deflecting tlie galvanometer from 
50°; and when the tongue or a wet finger was applied at eitlier 
junctions, a strong current passed : contact of platinum and iron 
fore in this case produced nothing. Zinc, gold, aiUer, potusaium, 
>pper, introduced nt x, produced no current, 8o no electromotive 
Tce exists between these metala and platinum and iron. Varioaa 
has combinations of niotala were tried with similar negative results. 
^ptMn nierouM acid^ iron and platinum produced no current ; neither 
SRt in solution of potassium. Now, according to the contact theory, 

E'tact effects between metals and liquids, so far from being 
, give rise to the phenomena of the pile : it cannot therefore 
eed that in the above cases the effects are balanced without 
Taining the point in a most unphilosophicol manner. According to 
\e chemical theory, however, the facts admit of very simple explana- 
on : where there is no chemical action there is no current, and a 
ifigle experiment shows the operator what he is to expect. The con- 
ict theory cannot explain why, substituting zinc for iron^ a powerful 
urrent should be produced iu sulphurct of potassium with platinum : 
ot the chemical theory at once recognises a chemical action on the 
inc, and the same is the case with copper, silver, tin, fic. Many cir- 
Dita of three Hubstaiice^, all being conductors, were next tried, but 
rithont establishing anything like electromotive force, 

(458) To account for tlie current of the voltaic pile, distinct and 
Vkportant cases ought to be brought forward, and not a case wliere the 
itrrent is ifiJimtcfimaU*/ small. To account for the phenomena ob- 
uood with sulphurct of potassium, the contact force must be supposed 
» be balaooed in some cases (iron and platinum), and not in others 
lend and platinum) : in the latter case, the current ceases when a film 
f solphorct has been formed by the chemical action, though the circuit 
« a good conductor. The ease therefore will stand thus : — 

(, ., !».»#..< Electromotive forces 
pUtiQuni Bulphuret of potassium J . , . 
t 



platinum 



, . .... S Electromolive force* 
sulphurct of potassium { 



sulph. potas. 



Electrorootive forces 
hnliuiccd. 



not balanced. 

siilpbnret a ( , .. 
'^. > platinum 

. go<.Hl con- I * 

Ldoctor J 

ithiog therefore can be predicted by the contact theory regarding 

19) Some active circles excited by the sulphurct of potassium are 

oxamined. Tin and platinum produced a strong current, tin 

jrftif ; after a time the needle returned to 0, the tin becoming 

with A non-eonducting eulphurel. The currani \ax^ QiivXA tv«A. 
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twccn the poiticlea, tho combination or separation of which produces 

current*. 

(4-01) Tho effect of dilution is next examined. 
part bctow m is strong ncid, and that above diluted ; 
tho wires hting platinnni, and the fluid nitric acid, 
drawing the end of tlio wire B upwards above w, or 
depressing it from above m downwards, caused great 
changes in the galvanometer. The wires, silver, 
iron, lead, tin, cadmium, and zinc, being compared, it 
was found that the metal in the weaker acid was 
pluf to tliat in tlie stronger. The fluidd being strong 
and dilute muriatic acid, and tho metals silver, cop- 
per, lead, tin, cadmium, and zinc, being compared, the motal in tho 
strongest acid was plu^y and tho current in most cases powerful. 
Tbc fluids being strong and dilute solution of caustic potash, witti iron, 
copper, lead, tin, cadmium, and zinc, the metal in tho strong solution 
waa positive. Cases occurred also in which metaU in acids of a certain 
BtniBgth were negative to tho same aietala in the same acid, either 
s t ro ng or or weaker. 

Iron and silver being in tho tube C D, Fig. 167, wbichever metal 
was in weak acid woa ])06itive to the other in the 
strong Acid ; it was merely requisite to raise the one 
and lower the other metal to make either positive at 
ure. Of the metals, silver, copper, iron, lead, 

d tin, any one can bo mado positive or negative to 
may other, with the exception of silver positivo to 
copper : and such are the wonderful changes that 
mxy be brouglit about by the mere eflect of dilution, 
that tho order of these metals may bo varied in a 
hundred different ways by the mere effect of dilution. 

(462^ The same metals in the same acid of tho same strength at the 
two aides, maybe mado to cliange their order thus : — Copper and ntckel 

Ing put into strong nitric acid, tho copper will be poeitivo: in dilute 

d the nickel will be positive. Zinc and cadmium, in strong acid ; the 

Imiiim will bo positive ; in dilute acid, the t^inc strongly positive, 
efl'ective battery may be constructed by employing only one metal 
on« fluid; thus, — if the parts of tho tubes at a, Fig. 1G8, contain 
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•f tfa« cod of the «ue », rtimrimJ adka <wwiwM» fc aittoiift 
evolrod, and tbe iron wue acqnina a poettite Nwwtilinn at 6, p 
a powcffnl carrcnt. 

(4<6) TVA01 th4 cAemicai act tun wKuk eitAcr kta^ «r 
produenl a current in one ditfction^ ii rterrteJ or undot^ $k$ 
if rvntumi or uutUme aUo^ It wai Bbovm by Volu, in ISO'2, tUai cr^ 
MlHxed oxide of mftngnnMe wa«> bigfily fv«<7alio« to aiac^ attl 
riiftaU, frivin{{, aiicorOing to hi« ilworjr, Electrictty lo Um rfM liA^ 
[H/inl uf contact. In lfld3, IVx-qiicrel iiAJnluoJ Utta »tiKJ«ft, aod 
l)iMii^*ht iliti roi'tw f.ivonfnlilf t<) tia* lUoury ol contact. Aoeordiuf, 
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Iiou-?vcr,lo De la Rive, th« perodcide U at the thm unJer^oint; chemical 

amffv and lotiR^^ o^y^en^ a clian^ perfectly iu accordance witli the di- 

lion of the current it produces. Peroxide of manganese associated 

Willi platinum in greon nitrous acid, originates a curreat, and is mintu 

Uie platioum ; but a chemical action is going on, the pvrozidc giving 

oxygen, and converting the nitrous into nitric acid. Peroxide of 

produces similar ptienomeua in ftolution of common snlt, and in 

taish it is minus to platiuum ; but direct ex]>erimcnts show that tliera 

is sufficient chemical action to account for tlie effects. 

(Mil) Faraday concludes his elaborate defence of the chemical theory 
of galvanism, with the following remarks ou the improbable nature of 
« assumed contact force : — " It is assumed that where two dissimilar 
etala touch, the dissimilar particles act on each other, and induce op- 
ite states ; that the particles can discharge these states one to the 
her, and yot remain unchanged ; and that while thus plu$ and vuntu^ 
hey can discharge to particles of like matter with themselves, and so 
roduce a current. But if the acting particles are not changed, it should 
Uow, that the force which causes them to assume n certain state in 
t to each other, is unable to make them retain that state, thus 
denying the etjuality between cause and effect. If a particle of plati- 
mn by contact with a particle of zinc, willingly gives off its owu Elec- 
ty to the zinc, because this, by its presence, tends to make the pla- 
iinum assume a negative state, why should the particle of platinum 
take Electricity frvm any other particle of platinum behind it, since 
tliat would only tend to destroy the very state which the zinc had just 
forced it into ? Tliis is quite contrary to common induction ; for there 
« boll rendered negative, not only will not take Electricity from sur- 
toanding bodies, but if wo force Electricity into it, it will, oa it were, b« 
back a^ain with a power equal to that of the inducing body. 
r, if it be supposed that the zinc particle by its inductive action tends 
make the platinum particle positive, and the latter, being in connec- 
tion with the earth by other platiuum particles, calls upon them for 
Electricity, and so acquires a positive state, why should it discharge 
that atatc to the zinc — the very sulistanoe which making the platinum 
Msumo that condition, ought of course to be able to su&laiu it ? Or 
why should not Electricity go from the platinum to th4 zinc^ which is 
aa much in contact with it as its neighbouring ])latintun particles are ? 
Or if tlie anc particle in contact with the platinum particle, tends to 
become positive, why does not Electricity flow to it from tlie zinc par- 
ieloB iK'hind, oa well as from the platinum ? There is no sufficient, 
robuble, or phUosophic cause assigned for the assumed action, or reason 
v«D why one or other of the consequent eff(.*cts above roontioned 
ouid not take pbce. The contact theory assumes ^3^aX » ^wtt niVa^ 
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>le to overcome powerful rcsbtanop, €an wriM oid itfrnMimff r tlai 
'without imy change in the acting matter, or the coosomptioo of utf 
gencratiDg force, a current can be prodaced, which sljatt go oo lor imr 
tinat a constant resistance, or only be stopped ma in tbe roltaic trooj^h 
the minfi which its exurtions have heaped upon its own couml 
Tbe chemical theory, on the other hand, seta out with ■ pomtr, tbe 
existence of which is pre-proved, and then follow? its vaiittticnnt, nreij 
aaBumini; anything which is not supported by some corresponding «ui- 
ptlc chetxucal fact. The contact theory sets out with an aavnmptiaa to 
w<hich it adds others, as the cases require, until at last tlie contact f^r^ 
instead of being the firm unchangeable thing at first supposed bv ^ 
is OS variable X9 chemical force itself. Were it otherwise than it is, «i'i 
were tbe contact theory true, then llic quality of cause and effect mu*t 
be denied. Then would perpetual motion also be tnie ; and it wunU 
not be difficult, upon the first given case of an electric cnrrctit by con- 
tact alone, to produce an electroma^etic luraTigcnicnt, which, aa to iti 
principle, would go on producing mechanical cficctii for ovor,"* 

(468) It would be difficult to give a satisfactory explanation of tlir 
theory of Mr. Grove's gaseous voltaic battery (280); on the contact 
hypothesis. " Where," saya its ingenioui author, " is the contact, i/ 
not everywhere ? Is it at the points of junction of the liquid, gaa, and 
platinum ? If so, it is tlicro tlmt the chemical action takes place ; and 
as contact is always necessary fur chemical action, alt chrmistry may 
Toferred to contact; or, upon the theory of a nuivcrsal plenum, 
natural phenomena may be referred to it. Contact may be n< 
bat how can it stand in the relation of a cause, or of n force ?** In 
opinion of Mr. Grove, the most interesting effect of this eJCtraoi 
battery is, the fact which it cstabtisbefl, that gases in combining 
acquiring a liquid form, evolve sufficient force to decompose a 
Hqoid, and cause it iu acquire a gascouB form ; for it baa been pnnwiy 
that the gases waived nt tlic electrodes are exactly eqaal to tha quiH 
tity absorbed in each pair of tube«>. 

* Some of the experimcatt bronghl forward by F&raday, bave been coi 
upon by M. Martin, s translstion of wboie pap«* aitpc<tr« lo Uic Tnuu. Blsr. 
Sue., p. tiGU ; but u Ifac tnain BrgumeoU of tbe En^lifb plino»oj>ber bate not hi«B 
tourhcd upon In the l£s6uy, I bavc not thought It wonb while to alluda to It fmr* 
Ocularly. 
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LECTURE VII. 



UAGNETISM. 



Bbtorical Notice — General facts aud priDcipktt — fnducttoo — Aitractloti — Repul- 
sion — Fracture, Sec. — Ualdut's mag-notic figures— Uuivereality of magnetiam — ' 
Ma^etiim developed by rotation — AtethoiU of making artiliciol magnetih— 
TeiTeatrial magnetisTii — Mariner's compoas — Variation and dip — Intensity of 
the Earth's rnapnetism — Humboldt's rcwarches — Magnetic stations — SCagnetic: 
Obienatory at Dublin— Theory of terrestrial magnetlsui — Dr. Dalton's rcmarka 
<ju X\ie Aurora Borcalifl in conncctioQ with magoetiam. 

{-iCO) ALTRocon the attractive power of tbe loadstone appears to Iiave 
been known in times of very remote antiquity, and its properties etudied 
even during tfae dark ages, yet its dirt'cUce power, and that of a needle 
tonchetl or rubbed witli it, seems to be the discovery of modem times. 
In an tild French poem, called La Bible Gnyot, which ia contained in a 
ctirioua quarto manuscript of the thirteenth century, still existing in the 
Royal Library at Paris, and in several other autliors, there are notices 
which prove that the mariner's compass was known in tlio twelfth 
century ; and Cardinal James do Vitri, who flourished abont the year 
1200, mentions the magnetic needle in his History of Jomsalcm ; and 
he adds, that it was of iudispensable ntility to those who travelled 
by sea- 

(470) A Neapolitan named Flavio Gioin, who lived in the thirteenth 
century, has been regarded by many as tl»e inventor of the compass. Dr. 
Gilbert aiBrms that Paulus Yenetus brought the compass from China 
to Italy in 12C0; and Ludi Vestomannus asserts, that about 1500, ho 
caw a pilot in the East Indies direct his course by a magnetic needle 
like those now in use. The variation of the needle vf^s discovered two 
hmidrod years before the time of Columbus ; but the rartation of tht 
Wiriation^ that is, the fact that the variation was not a constant quan- 
tity, but varied in different latitudes, was first noticed by the discoverer 
of America^ as appears from the following extract from Ir\ing*3 Life 
nod Voyages of Columbus, vol. i. p. 201. " On the 13th of September, 
I41>2, he ]t<:rcuvtid about night-fall that the needle, iuetend of pointing 
to llie north -star, varied but half a point, oi \)c1wcctv 5iNC m^^ ®x 
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degnm, lo tbe aortb-iraitj aad iliB more on Ui« folloi^-xng moniii^ 
Strack with this cbomutwee^ he ob<erTed U AUeokiveljr for tUree tlavi. 
sail tamad thai the ranatioii iacnMed as tie adTUioed. Ho at finl 
Bade DO ■iflifiii of Uus phenoneBOO, knowing bow ready hU pvfjjila 
wete to take alarm ; bat it tooa attracted the attention uf the pilot*. 
aad filled tkem with coosteraation. It seemed as if the lawi of lulnte 
laagiig aa they advanoed, and that they were entering tBl» 
worid, antrject to unknown infiuences. Tbey apprehended tkis 
the campas was about to loee its mysterious virtncs ; and without lliif 
gude, what was to heeome of them in a rast and trackless ooen f 
Cohuttbos tasked hie edence and ingenult)- for reasons with which 
allay tlieir terrors. He told them that the direction of tlio neadU 1 
not to ihe polar etai^ bat to some fixed and invisible poiot. 
Tariatioo was not eansed by any failing in the compaaa, which, lilcc tftfe 
other heavenly bodies, had its ohangee and rovolutioos, and evory daf 
described a circle round tlie pole. The high opinion that the ySkat 
entertained of Columbus, as a profound astronomer, gave weight to hii 
theory, and their alarm snbsided.*' 

(471) That ferruginous substances always possess a greater et 
degree of magnetism, has long been known. One Juhus riimi. ■ 
surgeon of Rimini, firet observed the conversion of iron into a i 
la 1590 lie noticed this eS'ect on a bar of iron, which bad supported ft 
piece of brick work, on the lop of a tower of the ^hurch of St. Auguatin 
The very same fact was obscrred about 1G30, by Qaasendi, on the 
cross of the church of St. John, at Aiz, which had (alhm dowa in 
coaseqnenoo of having been struck with lightning. He found tha 
fixit of it wasted with nist^ and poeaessing all the properties of a luad 
stone. 

(472) In the year 1600 Dr. Gilbert, of Colchester, publishfd a 
work, eutitled ** Physiologia Nova, scu Tractatua de Magneti et Corp»wi' 
bos Uftgncticis," which contains almost all the infonnation eoooemhig 
magnetism which was known during the two following ceulurics. H< 
regarded the earth as acting on a magnetised bar, and upon iron, hkf a 
UMgoet, the directive power of the needle being produced by tlie action 
of magnctiam of a contrary kind to that whicli exists at the extremity 
of the needle directed towards the pole of the globe. H« gftve the naitii 
of poia to the extremities of the needle, which pointed towards Un 
poles of the earth, cunfunnably to his views of terrestrial maguetimu] 
calling the extremity tliat pointed towards the north, tlie ftouth pols ol 
the neeJIe, and that which pointed to the south, the north pole. 

(473) Nuwton, Huygons, and Huoke, with some of the other phfl^ 
eophers who fiuurished about the end of the s^vcnteouith century, 
«K>cupicd to n cerUin extent with tho subject of magnotiani. Socur 
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ttsBtr observations and discoveries arc referred to in a manuscript voluino 
of notes and common tnries, written by David Gregory, in 1GI»3, in a 
copy o( Newton's Principia, and used by Newton in improving hU 
aocond edition. Newton bad supposed that the law of magnetic action 
appruacbes to tbe inverse triplicate ratio of the distance; but Gregory 
did not adopt tliis opinion, and invalidates the arguments that wore 
tt«eJ in its support. Newton committed another mistal^o in asserting 
that n^d-liot iron has no magnetic property. 

(474) In 1G83, Dr. Edmund Ilalley published bis theory of mag- 
netism. He regarded the earth's manrnetism, as caused by four poles of 
attraction, two of thetu near each pole of the earth ; and ho supposes, 
*' that in those parts of tbe world that lie nearly adjacent to any one of 
these magnetic poles, the needle is governed thereby, tlio nearest pule 
beiDg always j>redoininant over that more remote." He supposes tlmt 
tlie magnetic pole, which was, in his time, nearest Britain, was situated 
IMftr tlie meridian of tbe Land's End, and not abovo 7° from the north 
pole : the other north magnetic pole being in the meridian of Califumio, 
and about 1 5^ from the north pole of the earth. He placed one of the 
twoBOUtli poles about IG° from the south pole of the globe, and 05^ 
Wtt»t from London ; and tbe other, or the most powerful of the four, 
about *20° from the south pole, and 120° east of London. 

(475) In order to account for tbe change in the variation. Dr. Halley, 
iome years afterwards, added to tliese reasonable suppositions the very 
UCtraordinary one, that our globe was a hollow shell, and that within it 
a solid globe revolved, in nearly the same time as the outer one, and 
aboui tho same centre of gravity, and with a Uuid mc^lium between 
tbcm. To this inner globe he aligned two magnetic poles, and to tlie 
onicT one, other two : and be conceived the change in the variation of 
the needle to bo caused by a want of coincidence in the times of rotation 
of the inner globe and the external shell. ^' Now supposing," says he» 
such an external sphere, having such a motion, wo may solve the two 
gnat difficulties in every former hypothesis : for, if this exterior shell of 
tbe earth be a magnet, having its poles at a distance from the poles of 
diurnal rotation, and if the internal nucleus be likewise a magnet, 
having its ftoles in two other places, distant also from its axis, and these 
latter, by n gradual and slow motion, change thcix places in respect of 

eatemal, we may then give a reaeonablo account of tlie four mag- 
ic poloB) as also of the changes of the needle's variation." From 
some reasons, which Dr. Ilallcy then states, he concludes " that the 
two poles of the external glnbo are fixed in the earth ; .ind that if the 
Medio wore wholly governed by them, the variation would bo always 
the nunc, with some little irregularities ; but the internal sphere, having 
ancli a gradual translation of its poIc«, iiiBncncca \Uc ncedW, a&A. i^tcKXA 
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▼mnoodf, seootdiag to Uie naaXt o( ih« ftfcttactiTe and i3irocUrc poim 
of ettdi pole, and eonsequently there most be a period qF rovoluUiin d 
Uias intenal tall, «IW wbicU tbe Tuia^ioii will rcinrn as before." 

(i76) Mr. Gnhani^ a celdnmied maibematical instmnient-makf^r, ts 

Lcmdoo, dbooTcred in 1722, the dailjr Tariation of the aeodlo. VTlulc 

the needle was adranciog br a gradual motion to the vredtwunl, Mr. 

Graham found thai its north extremitir moved westward during lh« 

early part of the day, aud returned again in the evening to tlin eut- 

ward, to the eame position which it oocopicd in the morning, rcinaininz 

neadjT stationary daring the night. Mr. Gn&ltam at first, ascribed tUtw 

ehaages to defects in the form of his needles ; bat, by numerous sod 

careful observations, repeated under every Tariation of tho weather^ and 

of the heat and preasure of the atmosphere., he concluded that tbe daily 

TUiation was a regular phenomenon of which he could not iiod Ut0 

canea* It was generally a maximum, between 10 o'clock, A.M., audi 

o'clock, P.M. ; and a minimum, between € and 7 o'clock, r.BC. BeiWMV 

the 6th of February, and the I2ih of May, 1722, he mode a tfaound 

observations in the same place^ from which he found that the grcatcit 

westerly variation was 14'* 45', and the least, IS^SO' ; but in general, it 

varied between 14« 35" and 14% giving 35' for the amount of the daily 

variation. 

(477) Various speculations respecting the cause of the plitnomsiu of 
Hn&gnctism, had been harjirded by different authors : but it was i e sm n4 
"^for M. Epinus to devise a rational hypothesis, which embraced taA 
explained almost all the phenomena which had been observed by pie- 
vious authors. This hypothesis, which he has explained at groat length 
in his "Tentamen Theoriee Elcctrlcitatis ct Magnetiboii," publisJicd ia 
175&, may be stated in the following manner :■ — 

i. — In all magnetic bodies there exists a substance wliich may bo 
called the magnetic fluid, whoso particles repel each other w'liU n turcc 
inversely as the distance. 

ii.— Tho particles of this fluid attract the principles of irun, and aro 
attracted by them in return, vrith a similar force. 

ui. — ^Tlio particles of iron repel each otlier, according to iht 
same law. 

iv. — Tlie magnetic fluid moves through the pores of irm and sod 
steel with yery Utile obstruction ; but its motion is more and more 
obatructed as tho sttjel increases in hardnes'? or temper, and it movvs 
with tho greatest difticulty in hard tempered etoel and this vna ti 
iron. 

(478) Tlio method of making artificial magnets, whidi was pne- 

tiaod by the philoaophcre of the seventeenth century, was a ««ry 

^ simple, but a very inoflicacious one. It consisted in merdy mUtim 
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ilfc ?:tm1 hat to l)c mngnctiiwil upon one of the poles of n nntural or 
Biiificial nmgnet, in a direction at riglit angles to tlio line joining tbe 
poles of the magnet. Towards the middle of the eighteenth ccntniy, 
how^ve^, the art of making artificial magneta liad excited general 
attention ; and it is to Dr. Gowin Knight, an English physician, that 
we arc indebted for the discovery of a metliod of making powerful 
xiiapicts. This method he kept secret from the public, but it was 
afu^rwards published by Dr. AVilson. Duhamel^ Canton, Michcll, 
Antlieaume, Savcry, Epinua, Robison, Coulomb, Biot, Scorcaby, and 
other?, made various imprOTcmcnts on this art ; but for a detailed 
account of their numerous experiments, I must refer to the article on 
magnetifini, drawn up Sir David Brewster, for tbe seventh edition of 
the Encyclopaedia Britannica, from which this short sketch of the his- 
tory of magnetism is, in a great measure, compiled. 

(479) One of the ablest cultivators of the science of magnetism waB 
the celebrated Coulomb^ who, by the application of the principle of 
torsion. Brat used by Michel), determined the correct law of magnetic 
attraction and repulsion. Provided with such a delicate instrument aa 
the torsion balance, this philosopher was enabled to ajiply it with sin- 
gular advantage to almost every branch of science. His first object 
was to determine the law according to which magnetism is distributed 
to a magnetic bar. It was, of course, well known, that the magnetism 
in the middle of a bar was imperceptible, and that it increased uccord- 
ing to a regular law, and with great rapidity, towards each of the poles. 
"Sy sospcnding a small proof needle, with a silk fibre, and causing it to 
OSoUate horizontally opposite different points of a magnetic bar placed 
TfvUcally, Coulomb computed the port of the cflect that was due to 
tonvatrial magnetism, and tlie part that was due to the action of tho 
bar; and in this way he showed tlic extreme rapidity with which mag- 
netism is increased towards the poles. 

(480) In examining the distribution of Electricity, in a circular 
plane. Coulomb found tliat tho thickness of the electric stratum was 
almost constant from tho centre, to witliin a very small distance of the 
circimiference, when it increased all on a sudden with great rapidity, 
(od lum been shown in a previous Lecture.) He conceived that a similar 
distribution of magnetism took place in the transverso section of a 
magnetic bar ; and by a series of nico experiments with the torsion 
balance, he found this to be the cose, and established the important 

that the magnetic power resides on the turfaee of iron bodies, and 
entirely independent of their mass. 

(481) The effect of temperature on magnets was another subject to 
rhich Coulomb directed his powerful mind; hut he did not live to give 

account of his oxporimcnta, which were published after his death by 
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Ilia friend M. Biot. Coulomb found lliat tlir m .^; 
nifignetixed to saturation, diminUhcd grcatly by r.i-ti- ,; 
from IS"^ of Itenumur to 080*^, and that when a magnetic iKir v 
pcnd mi 780", 860°, and 950** of licauinur, tho devclojiimui ./. -. 
magnetism was gradually incrcoAcMi, being moro than double at itMf of 
■what it was at 780°. lie fonnd nW Uiat the directtrc force o( 
the bar reached its niaximum when it was tempered at a bri^t 
olirrry red beat at 900°, and that at a higbez temperature the fuxte 
diminished. 

(482) Coulomb made many ralaable experimcnta on the boA 
methods of making artiBcial magnets, and he subjected all the Tariuni 
procenee that bad previously boon employed to the test of accBrtlt 
meaBaremcut. liis experiments on tho best forms of magnetic oc«dlM 
are equally valuable ; but the most interesting of )iia rvaearchea, ami 
the last to which he devoted his great talents, were those which rtlril 
to tlie action of magnets npon all natural bodies. Hitherto iron, 9Ud^ 
nickel, and cobalt, had been regarded as the only magnetic bodies ; bat 
in tho year 1802, Coulomb announced to the institute of Pranoc, thai 
all bodies n-hatever are subject to the magnetic influence, even to sadi 
a degree as to be capable of accurate measurement. In order to dete^ 
mine if the phenomena were owing to particles of iron diosemnuldd 
through tlic bmlies, which ho subjected to oxpcrimeDt, he tried a needlt 
of flilver, purified by cupellation, and another needle of silver nlloyud 
with xio*^ P^rt of iron, and he found that tho action of a niAgnct co 
the former was four liundrcd and fifteen times less than upon tho lattrr. 
Ilcnce, as he had previouitly shown, that tlie forces exerted by magnito 
on needles are proportional to the absolute quantities of iron whiofa 
they contain, there will be fonr hundred and fifteen times ten iititt 
in the pure than in the impure silver ; and since tlie laiti^ contaaattd 
^i^tb part of its weight of iron, the first will contain ^It^'' P*'^ ^ 
^^th, or t J v*^a g^^^ ^^ '* ^^'^^ contain one humlred and thirty-lw» 
thousand, seven hundred and ninety-nine parts of pure siWer, aad 
one of iron, a quantity of alloy beyond the reach of chemical dv- 
tection. 

(483) Amongst tho scientific travellers who have contributed to ov 
knowledge of terrestrial magnetism. Baron Alexander Uum1>oldt was 
one of tho most distinguished. Himself an accurate and scientifie 
observer, and possessed of instruments and methods of rmoaroh, ks 
made numerous arcumte observations on the dip and vanation of the 
needle in various parts of the earth, and particularly near the magncik 
equator ; and by means of theae valuable data, M. Diot ww enaUM (o 
throw much light on tho subject of terre'^irial magnetism. 

(484) In the aerostatic ascent of AIM. Gay, Lnsnc and WhA, tbcT 
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nnal^lu in detect any change in the intuosity of tcrrestriAl niAg- 
at tlic lieight of four tlioasand metres. Saussure, however, had 
th&t the intensity was considurahly less on the Col du Geant than 
Cbamouni and Geneva ; thv diflVronce in the levels of these places 
1^, In Uic one case, ton thousand, and in the other, seven thousand 
it hundred feet ; but hia observationB contmdict his conclusions. 
Kapffer has more recently obtained a similar result, by observations 
Hoant Klbrooz; having found a decrease iu intent<ity in rising four 
md Bvo faandred feet above his first station ; and he explains the 
It obtained by SIM. Gay, Lussac and Bi(»t, by supposing that an 
of intensity was produced by a diminution of temperature 
r. Tien wood, on the other hand, has made observations at tho surface 
P(>lcoaUi mine, at one thousand three hundred and twenty feet 
its fiiiHocc, and on a hill, at seven hundred and ten feet above 
irel of the se*, without being able to detect any difference in the 
ily. To tho late Captain Foster we are indebted for many 
Inable observations on the magnetic intensity, mode at Spitzbergen 
ebewliere. From these he conclud(>d that the diurnal change in 
horisontal intensity is principally, if not wholly, owing to a small 
ige in the amount of tho liip. The maximum took place at about 
30' A. K., and the minimum at 2h. 47' p. m. ; its greatest change 
iting to i^rd of its moan value. Captain Foster is of opinion, 
Umo changes have tho sun for their primary agent, and that his 
rach as to produce a constant inflection of the pole towards the 
during the twenty-four hours; an idea which had been previously 
by Mr. Cliristie. 
(iS5) About the year 1818, Professor Barlow, of Woolwich, turned 
bk attention to the subject of magnetism, with a view principally of 
ing the effect of ship's guns on the compass. In trying tho 
of different iron balls, he was led to the curious facts — that there 
round every mass of iron, a great circle inclined to tho horizon, 
on angle equal to tho complement of the dip of the needle ; — that 
plane of this circle is a plane of no attraction upon a needle whose 
itro is in that plane ; — that if we regard this circle as the nmgtietio 
itor, tho tangent of the deviation of the needle from its nnrth 
or Bouth polo will be proportional to the rectangle of the sign of the 
doable latitude, and cosine of the longitndc ; — that when the distance 
of the oeedh) is variable, the tangent of deviation will be reciprocally 
proportional to the cnbe of the distance, and that, all things else being 
the lamo, the tangent of deviation will be ]>roportional to the cubes of 
tho diameters of tho balls, or shells, whatever be their masses, providctl 
their tlticVneas exceeds a certain quantity. Mr. Biirlow wa«, from 
discoveries, enabled to invent a most ingenious method of correct- 




plijncka ai Rocm^ inft 
£Kt» that ai 
by lh« aetion of the riolet tsjn of Um lua. 
Hk cspenncatB we wm—fiifly npmed bj- Dr. Caipt, at Bume, uii 
tha Ibcqaaaa RUolfi, at fkacaee : b«U M. d llombrc Finaai^ St 
AIm, in Fnaoe, Pkoffasor CoofigKacAu, of Paris, M. iWrard, of Alost- 
pellter, fiuled io obUiaing decided magnetie cfibcts from ihv TioUi C^a- 
In 1BI4, Dr. Moricbini exhibited tbe acloal ejcpcrir.< nt- 

pfcry I>aTy, and 1817, Dr. C*rpi showed it to Prod X 

few montlu after Sir HaaiphrT- wiliMaacd Ute cxpcrinifut, ^Kr Davil 
Dfownter met him at Geneva, and learned frum him t]t« bci^ thai he 
had paid the most diligent nttcntion to one of Moriohini'* exiwriwaiU^ 
and that he «aw au untnagnotiacd nncdlo rcndcrvil miij;iiciic by violet 
ligtit. The following account of the oxprriinent, mod* by Dr. Caqit, 
woa givcti to Sir David, by Prufeaaor Playtair ;— '" The violet lijjbt ma 



lECTmE TIT. 



269 



Btaioed in the usnal manner, by inofias of a common prism, and was 
HtleciL^tl into a focus by a lens of suffieicnt size. Tho needle was mado 
H soft wire, and was fonnd upon trial, to posaeas neither polarity, nor 
Uiy power of attracting iron filings. It was fixed horizontally upon 
% support, by means of wax, and in suob a direction, as to cut tho 
magnetic nieritlian at riglit angles. Tlie focus of violet rays was car- 
ried slowly along the needle, proceeding from the centre, towards one of 
Um extremities, care being taken never to ^o back in tho same dircc- 
tioD, and never to touch the other half of the needle. At tho end of 
half an hour after the needle bad been exposed to tho action of the violet 
rays, it was carefully examined, and it had acquired neither poUrity 
nor any force of attraction : but after continuing tlie operation twenty- 
five minutes longer, when it was taken off and placed on its pivot, it 
traversed with great alacrity, and settled in the direction of tho magnc- 
tical meridian, with the end over which the rays bad passed tnmed to 
the north. It also attracted and suspended a fringe of iron filings. Tho 
extremity of the needle that was exposed to tho action of the violet rays, 
repelled the north polo of a compass needle. This effect was so dis- 
tinctly marked, as to leave no doubt in the minds of any who were present, 
that tlie needle had received its magnetism from the action of tho violet 
rays/* In this state of the subject, Mrs. SomervJlle mado some simple 
and well conducted experiments, which seemed to set the question at 
rest, from the distinct and decided character of the residts. A sewing 
iiMdle^ an inch long, and devoid of magnetism, hod one half of it 
ooTerod with paper, and the other exposed to the violet rays of tho 
spectnun, five feet distant from the prism. Id two honrs it acquired 
magnetism, the exjtoscd end exhibiting north polarity. The indigo 
rays produced an equal effect, and the Olun and the ffreen the same in a 
kas degre©. The yellow, orange, and red rays, bad no effect even after 
three days* exposure to their action. Pieces of blue watch spring, re- 
ceived a higher magnetism. When the sun's light fell upon tho ex- 
posed end through blue-coloured glaascs, or throuf;;h bltta or t/rvi'-n 
riband, the same magnetic effects were produced. The experiments of 
Jlr, Christie, an account of which was read to the Royal Society, a 
short time before Mrs, Somervillo's, confirmed her results to a certain 
degree, by a different mode of observation. The general opinion seems, 
however, now to be, that light docs not exercise any decided effect in 
producing magnetism. Tlic experiments of MM. P. Rica and Moser, 
were made with needles, both polished and oxidated, and also with 
wires half poli&hed; and polarized as well as common light was mada 
t/> fall on them in a concentrated state, but no decided effect upon tlicir 
number of oscillations cuuld be observed- and they state that they 
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ntfcdle. Rf, Arngo has likewiac discovered, that early in tho morning, 
often ten or twelve hours before the fturora is developed in a very dis- 
tant place, its appearance is announced by a particular form of tho 
curve, which exhibits the diurnal variation of tlic needle, that is, by 
the value of the morning and evening maxima of elongation. 

(4-90) During the late journey of Ca])tain Rack to the polar regions, 
in 1833, 1834, and 1S35, he found that the needle was generally affect - 
by the aurora; and on one occasion the deviation which it produced 
8° ; he repeatedly observed that when tho aurora was concentrated 
in individual beams, the noodlo was powerfully affected ; but that it 
generally returned to its mean position, when tho aurora became gene- 
«J1y diftuaed. On several occasions, the needle was restless, and ex- 
hibited the vibrating action, produced by the anrorn, when tliis motion 
was nut visible ; and Captain Back states that he could not account for 
Uiis, except by supposing tho invisible presence of the anrora in full day. 

(♦91) Tlic only metals which were supposed to have a distinct and 
decided power, and wore therefore called magnetic metals, are iron, 
cobalt, and nickel. Mr. David Lyon has lately endeavoured to show 
that tliese metals resemble one another, not only in their principal 
qualities, but in tho numerical values of their qualities: and, he adds, 
tliat whilst these three magnetic substances havo tho values above re- 
ferred to, near each othor, there are no other Ru!)stancc9 in which the 
matte values come very near, or fall within those of tho three magnetic 
substances. The values to which Mr. Lyon alludes are the follow- 




Nickel . 


Specific 

grmylty. 

. 8-27 . 


Atomic 
weight. 

. 739-51 


Atouifl contained 
in a given tpnce. 

. . 1118 


Iron . 


. 7-21 . 


. 678*43 


. . 1062 


Cobalt . 


. 78 


. 738 


. . 1057 



TliMe speculations, though ingenious, and deserving of attention, 
have been recently overturned by some observations of Professor Fara- 
day. "Cobalt and chromium,'* says he, "are said to be both magne- 
tic metals. I cannot find that either of thorn is so, in its pure state, at 
any temperatures. When tho property was present in specimens, sup- 
posed to bo pnro, I have traced it to iron or nickel." 

(492) Mr. Faraday thinks that all metals are magnetic, in t!ie same 
manner as iron, though not at common temperatures, or under ordinary 
ciicumetoDcea. Ho docs not allude to a feeble magnetism, uncertain in 
its nistonoe and source, but to a distinct and decided power, such as 
that possessed by iron and nickel ; and his impression is, that there is 
a c«rt^ temperature for each metal (well known in the case of iron), 
boDMith which it is ici^etio, and abovo ^\ucVi \l \owa «!^ ^-w^^^s^^ 
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that there is some relation l>etwcen thb potnt of tGin|>eAture, nnd tlw 
iiilL*n&ity of ttie magnetic force, which the body, -when rcdncod bcuealli 
it can acquire; iruu aad uickol would thea be no mure exctiptious frutn i\\V 
metals in regard to magnetism, than mercury is in regard to liijuefaclioiL 

(4>!?3) M. Poutllct, on tlio other hand, thinks that then) are 6v# 
Biraple magnetic bodies, viz., iron, maoganoM, nickel, cobati, u^ 
chrome ; and in consequence of liaving observed some remarkable 
analogies, between the di»tunco of the atoms of bodtea, and their mtj^ 
netic propertied, be was Jed to snppoee that the raagiietio Itmit of dB- 
feront bodies ought to be found at very different tvmperaturte. ^ I 
have, indeed,'* says he, *' demonstrated by experiment, first, that cobalt 
never ceases to bo magnetic, or rather that its magnetic limit ts at a 
temperature higher than the brightest wliiio heat ; aocotid, that cUroaft 
has it3 magnetic limit a little below the temperature of dark blood-icd 
heat ; third, that nickd has its magnetic limit about 350*^ ecntigradi^ 
nearly at the melting point of zinc ; and fourth, that manganese baa iti 
magnetic limit at tlic temperature of from 20° to 25° below zero. Eit- 
periincnts on these five magnetic bodies seem to prove, first, that licat 
acts upon magnetism only, in consequence of the greater or less distaoce 
which it occasions between the atoms of bodies ; and second, tlist all 
bodies wonld become magnetic if wo could by any action wliftlcver, 
make their atoms approach within a suitable distame." 

(494>) Having thus given a short skctcli of the history and progiCH 
of magnetism, I shall proecod to give an account of its general facts and 
principles. 

The native magnet, or natural loadstone, is an ore of iron, consisting 
chiefly of the two oxides of that metal, together with a small proportioa 
of quartz and alnminn. It is nsually of a dark grey hue, and has a duO 
metallic lustre. It is found in considerable masses in the iron mioea of 
Sweden and Norway, and also in different parts of Arabia, China, SiuD, 
and tlie Philippine Islands. Small loadstones have occatuonaUy been 
met with among the iron ores of England. The smallest hadstootf 
have generally a greater attractive power, in proportion to their sixi?, 
than krger ones. They have been found of such a strength, that, 
though weighing ouly about twenty-five grains, they could lift a pi««i 
of iron fort i/-^pe times heavier than themselves. Sir Isaac Newton had 
a small specimen, set in a ring, which was capable of Lifting scvcti ban* 
dred and forty-six grains of iron, or two hundred and fifty times iC«ow« 
weight ; and it is sUitcd by Cavallo, that lie ho^ seen a loadstone which 
weighed only six grains and a balf^ which lifted a wiught of three huo* 
drtid grains. 

(495) If we immerse a natural loadstono— no matter of what ihap« 
—in a quantity of clean iron filings, we shall find ihat tl' ^^*> 

points exactly opposite each other, on which the filings arc > "d 
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>re abundantly ihan on nny other place, usuming tbc funn shown in 
ig. 170, the lines diverging from the 
la of the magnet in currcs, the centre 
being nearly free from them. These 
called its poles ; and if we balance a 
lall needle of iron ou a pivot, and 
io^ it near either of these poles, we 
find that it will be attracted to- 
il; or, conversely, if we suspend 
ko loadstone by a fine fibre, and bring V--.i:;::=;r:^-^' 

ito the vicinity of its poles a piece of 

pft iron, it will bo drav^-n towards the iron ; a reciprocal attraction la 
Eert«d between them, action and re-action being e<|tial and oi>potiite. 
(496) The power of the nahiral magnet is greatly 
increoecd, by adapting two pieoos of flat iron to its 
tics, and enclosing it in a silver or brass caao. In 
ig. 171, a magnet thus armetl, is shown ; A is the 
idstone ; BB, two pieces of soft iron placed against 
opposite poles, the lower ends turning inwards, 
id fastened by transverse bars of copper, e Cy to 
braflfl case wliich surrounds the sides and upper 
of the stone. In the top of the box is inserted 
a ring R, for the purpose of suspending the whole ; 
id to the lower part of the annaturo is adapted a 
icce of soft iron, with a hook, on which ia hung as 
inch weight aa the strength of the magnet will bear. 

7) When a piece of stoel has been rendered magnetic, it exhibits the 
properties as the natural loadstone ; and since wc arc in possession 
of a variety of methods of coinuiunicating to it this state, the artificial 
magnet is always employed in experimental investigations. I shall 
describe some of t!io moat approved methods of magnetising iron prc- 
itly : in the mean time I shall only observe that, for the exhibition of 
10 cx|Kirimeuts I shall first have to allude to, the following siiujile and 
ly method will be found amply sufficient for commouicating to small 
bars of steel the requisite degree of magnetism. 

Let a straight bar of hard tempered steel be held in a position slightly 
lined to the perpendicular, the lower end deviating to the north, and 
ick several hard blows with a hammer, it will bo found to havo 
rqairt>d by this process, all the properties of a mnguot.* 
(i98) If a bar wluch has been thns treated, be supported on a pivot, 

* A Iwtr of iron heated red-hot, and aIlowe<1 to cool In thv direction of tlio niag- 
7ttc dip, (M4,) will trcuernilly be found umgaeUc; a Uiio piece of wtri: uuk\ be 
rr«ri oiAguHlr bjf forcibly twisting It till U brcftVa. 




SmA a mmmm h to bne «■£» ffwwi i iui ex moooo la » boiiiMi^l 
pImk; and if an bofin ol a fcoag^Moa aataxa ata icaaored fian HiS 
vidaiif , H will, after a few iim ilhtir—, lake «p a poritioc aeaiiy mottli 
a^amtk; sad. if it W &taibed from tkis poaitiott, and plaoed ia uy 
aAn^ H win DOi lOBMB tboa ; bat aa aMnaailisat Ebcrty iOD>oT«, 
ii win naoae tta igniei powtiwi. li wiU abo poaiOB the pow of 
Mmoakatia^ raagnetioB to haid alerl |iiiiBiiiaiaify, and to ooA trai 
^■pwwri/y, the degree of stra^tb, of ccrazae, depeaidiDf( on its o«a 
power ; aad with leapett to the aleel, on the tima which it ia — — f^***^ 
If two angaeiued ban be poaaed aod pfaaed ia dUfci e ut poHtaBaa i^ 
^■BliBg cadi other, it wiQ be fooad that m aocae ciaei thej Appear to 
^nltraelad towards each other ; wfaOe ia othera, they i— t'*'*^ a «a- 
^Bl iqmUoo. Thiii, iMwerer, does not happea captiaoaa^ ; the tn 
^Mh poloa aod the two aoath poles intaiiably repd each other ; b«i 
Hi Botth pole of one magaet always attracts, and is of cooiao attxadel 
^tthe aoath pole of the other.* 

^R[489) In Older to oQsnunMate nagutiBB frocD a aatoial or aiti6cU 
Vhgnet, to oamagnetized tno or atee!, it ia aot Deoeawy that the tw^^ 
bodies should be in contact. The eommnaicatxon ia effooted as pedectl|^H 
thoogfa more Geebly, when die bo&a aie aepamt«d by space. Thus in 
F^. ITS, if the north poU of Fi«. 172. 

an artificial ateel magnet J, ia c jv" i • * • • 

placed near the extremity S^ 1 I I a 

of a jneca of soft iron ^, the -* * c /> 

and 9^ will instantly acquire the propctties of a «ouM pole, aad the Op- 
poaite end n^ those of a north pole. The oppoaiio poke would haw 
been produced at n and «, if the aouth polo f, of the magDet jI, had 
been placed near the iron B, 

In Hko manner, the iron B^ though only temporarily magoetic, 
lender another piece of iron C, and this again, another piece D^ 
porarily magnetic, north and south poles being prodtaied at ; 
and »', /. 

(500) Here wo cannot fikil to obeerre a pointed analogy between 
phenomena of magnetic attraction and repulsion, and thoee of 
city. In both there exists the same character of donUe ageaeka 
opposite kind, capable, when separate, of acting with groat eneryry, and 
being) when combined together, perfectly neutralized, and exhibiting 
sagns of activity. As there are two electrical, ao thoro are alio t 
SMgoetifl powers; and both seta of phenomena aia gorcmod by 
aame ch&ractorufitic Uws. So alao in the last exporiment, the 
tisni inherent in B, C, i>, is laid to be inJtic^i by the pfteeace of 
real magnet A ; and the phenomena are exaotly analagous to tho 
* ArtiflcUl magtwU luve b«en coavtmctM b) ndaebk^ ut v^^wiW tlio 
atagavUc oiJtIf, and forming U into \*i% *\tt 



ibaa 

reealM 

Eleel^H 
Backa JB 



WkJicJCL 



LECTVnB V7I. 



205 



lotucatioD of Electricity to unelectrified bodies hy induction, tlic posi- 

ive state inducing tbo negative, and the negative the positive, in tUo 

ports of a conductor placed in a state of insulation, near an electrified body. 

(501) A simple experiment will satisfactorily show that soft iron 
po oooQBco magnetic properties, while it remains in the vicinity of a xung- 
oet. Let A, Fig. 173, be a magnet, and K Fig. 173. 
a key, held either horizontally near one of [ 
its pules, or near itij lower edge. Then if ^ 
another light piece of iron, such as a small 
nail, be applied to the other end of the key, 
tbc nail will hang from the key, and vrill 
continue to do so while the magnet is slowly 

^^|rithdrawn ; but wliou it has been removed beyond a certain distance, 

^Hbe nail will drop from the key, becauso the m.agneti:im induced on the 

^^Ley becomes at that diitancc too weak to support the weight of the 

Baail, That this is the real cause of its falling off, may be proved, by 

taking a still lighter fragment of iron, such as a piece of very slender 

wire, and applying it to the key. The magnetism of the key will still 

be sufficiently strong to support the wire, though it cannot the nail ; 

and it will continue to support it, even when the magnet is yet farther 

removed. It at lengtli, however, drops oil'. 

If the key be held above a portion of iron filings, they will not be 
attracted by it ; but if the magnet he then brought near the ring of the 
key, as in the figure, the iron filings will instantly start up, and be 
attracted by the key. 

(502) It has been observed, that in all cases whore a magnet attracts 
iron, a re-action takes place, the iron attracting the magnet ; it is the 
same with a bar of iron on which magnetism has been induced. It re- 
aota upon the magnet, which induces its magnetism, and increases its 
magnetic intensity. Hence, we derive a distinct explanation of the 
remarkable facts, that a magnet has its power increased by having 
a bar of iron pLiced in contact with one of its poles ; and that we can 
gradually add more weight to that which is carried by the magnet, 
provided we make tho addition slowly, and in small (|iiantitie8, the 
power of the magnet being increased by tho re-action of each separate 
piece of iron that it is made to carry. 

Theee Ucia enable us to explain the phenomena of magnetic attrac- 
tion and repulsion. The magnet attracts a piece of iron, by inducing 
an opposite polarity at tho end in contact with it ; and the two oppo- 
te principles attract each other. In like manner, the north polo 
one magnet attracts the south pole of the otiier ; and the north and 
nth poles repel each other, in couacqucnco of the attraction and repul- 
n of the opposite and similar principles. The attnic^iau qC vlq-w 
is expJiiiucd ia the same way. TVvc ptwrtAcXc ol \tcivv \!isaN.*\\fc 
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iBgnct, lias magnvtisin induced on it, aud it becomes a muiutc mi 
like B^ Fig. 172. Tiii^ [)arlicle again makes tlic oext [rfuttole a oil 
uety like C, and ao on, tbo opposite poloxity in each particle of 
filings attracting one another^ as if thoy were real magnets. 

(503) In comparing the amount of the attract'tce force of two 
similar poles of two magnet?, vN-itli the amount of the r^uUive fa 
of the two similar poles, it has been found that the former force is 
siderably greater tbaa the latter. This result id a necessary con9(M|uc 
of the inductive process above deacribed. M'hen the two attra< 
polea are in contact, each magnet tends to iucreoao the power of 
uther, by developing the opposite magnetic states in the adji 
lialvee, and thug increasing their mutual attraction. But when the 
repelling polet} are brought into contact, the action of each half broo| 
into contact, has a tendency to devolopo in that balf a rai 
opposite to that which it really possesses, and thus to diminish 
two similar principles, and weaken their repulsive power. This iojl 
rious inflaence of opposite poles upon the repulsive power of the 
nets in action, is well exhibited when one of the maguets is very poi 
ful, and the other very weak. When the two similar poles arc bddi 
a moderate distance, a repulsion is distinctly exhibited ; but when 
ore brought into contact, the stronger attracts the weaker magnet, 
effect which ia produced by it9 actually destroying the similar 
magnetism in the half next to it, and inducing in that half the op] 
magnetism, which of course occasions attraction. 

(504) Tho most favourable position for the bars receiving and 
tabling magnetism, is that of parallelism ; for in tills position, the 
duced magnetism of magnet x4, Fig. 17*, 
is tbo most powerful. Lot us first suppose 
tho bars arranged as in Fig. 174, the pole 
JT, of the magnet A , acts favourably in in- 
ducing tout/i polar magnetism in «, and n \ I 
north polar at S; but it is evident that tho -* 
remote polo S^ must tend to weaken tho inductive force of N, by 
daciug, though in a feeble degree, north polar magnetism at », 
eouth polar at S. 

If tho soft iron B, be placed, as in ^*Q- 175. 

Fig. 175, the induced magnetism will 
bo nearly as strong as before, tlio | 
greater proximity of ^V, tending to 
produce south polar magnetism in 7i, 
being compensated for by the proxi- 
mity of *, tending to produce north 
polar magnoiism in n. In tbe inclined 
puaition Cj the induood magnetism is still sironger, «« 



Fig. 174, 
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nJ wbtn the two bars are panllel, tlie ioductivo 
it iu moxiinam. 

■t liAT Iw iilnccd with its north pole, oppofiiic 

bar, the effect will be to induce upon it two Bo: 

lilies, aiid a soutli pule in the ceutre; tad 80 $1§0 

ho placed between two magnets, whoac north poles 

ir, titese north poles will tend to produce two soutli 

remitics, and conscc^uontly a nortiieni pohmtv ba the 
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piece of soft iron, *f, m, Fig, 176, of Fw. 
will have south ]>ote9 at /, *, #, #, if 

4 the mngnet A be placed on or near its 
he concoivcd to conai:it of two ban^ w, 
e reason, if a circular piece of soft iron 
place of the cross, and the soutli polo 
placed on or near its centre, that centre 
pole, and every part of tho circam* ^^- HT. 
a southern polarity. 
tnstructiTe experiment, founded on 
lion, is eidiibited in Fig. 177, where 
wires are auspcndcd &om the north pole 
ach of tho ends becomes a south pole by 
the action of the north, and consequently 
north pules. The south poles have a 
' to repel each other, but are preTenlcd 
their repulsive forces, in consequence of 
ion to the north pole, N. The north 
however, free from this restraint, and *' 
itual repulsion, by diverg- Fio. 178. 

the figure. Hence we see 
fcowB of iron filings, a<]her- 
when attracted by a uiag- 
< from each other by the 
f the similar poles. 
'ing experiment of Ca- 
of the ])olcs is well 
two short pieces of iron 
be each fostoaed to a 
da being joined at their 
which 
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occasion thorn to recede from each other, as shown in Fig. 17^, M' 
catiog tlie repuhaion whicli takes place between the udjaccnt tioiU of 
the wires, in oonscquenoe of theix being siuulaxly affected hjr Ihi 
indiictiTe power of tho magnet, the lower ends uf both being na- 
dercd south poles, and the upper north poles. This divergency of Un 
wirea will continue to increase nutil the magnet has approacheil U 
a certain limit ; but if tho magnet be brought nearer tlian tliis limit, i:i 
own attractive force becomes so strong as to overpower the repuUoa 
that exists between the lower ends of the wires, and therefor 
them nearer to each other, as shown in Fig, 178, while tho repu.^ _ .. 
the upper ends, nn^ still continues to manifest itself, by keepioj; tbem 
remote from one another. On removing tlie magnet cntirt-ly, i' 
immediately collapse, their magnetism being only of a Iranaitor. : 
But if tho same experiment be made with sevnng needles, insioad of kA 
iron wires, tho needles will often cttotioue to repel each other, aftetlkf 
removal of tho magnet, luiving acquired some degroo of pemuumi 
magnetism, by the circumstances in which they have been placed. 

(506) The neutralization or destruction of induced magnetisut bv 
two equal and opposite magnetic actions, is shov^Ti by the follo^iDj; 
experiment of Dr. Robinson. If wc take a fi)rkc«l [liece Flo. 17*« 
of iron, C, D, E, Fig. 171*, and suspend it by the branch j^ 
D, from tlie north pole of a magnet, D, it will be mag- . 
netised by induction, and v^'ill carry a key at its lower 
end, E, which will be a north pole. If wc now apply to 
the other branch, C, the south pole, S^ of another and 
equal magnet, A, the key will instantly drop off. Tlits 
obviously aris<*s from the south polo, $, inducing a south 
pole at E, which cither destroys or ncutralisecs tho north 
polar magnetism previously induced by N. 

(507) We have seen tho close analogy which exists be- 
tween tho phenomena of Electricity and Magnetism, as far 
as relates to tlie law of action and the influence of induction (32 daoq.); 
but beyond this point it fails us entirely. No natural or artificial ma^ 
net has ever been seen with ottly one pole^ or one kind of magnotifm; 
electricity, on tho other hand, whether positive or negative, is not only 
capable of being excited by induction, bnt may be actually tranafcncd 
from ono body to another. A body may without difficulty bo electrified, 
positively or negatively, as has been shown in a former Lcctnrv; bat 
with niaguotiani there is never any transfer of propertica, but only Um 
excitation of thu!!ie which were already iuhcrr-nt on the body oncntt^ 
on. It became, therefore, interesting to examine experimnkbUly ^| 
distribution of raagnetism in a part of a magnet, cut from its nartb or 
south extremity. Tlie experiment has been oflen made, both by cntiia|[ 
It through at tho middle or iusuln\ ^oiVtiV, ot V;} cu>A:\^^oi\»K«aSiuttqjWI 
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A portion from the end of it. If 

-AT, ^, Fig. 160, be a magnet, iV, 

its north, and S^ its soutli pule, aud 

A^ C, B, tlic curve representing tlic 

sntenmty of its magnetbni ; then, if 

we cut it through the middle, C 

half, u 9, n' i\ will be a uum- 

niagiiet, with a north pole at 

fj «od a south pole at s, and tlieir 

aeutnkl points at c, c; tbe curves, a c b, «' c' b\ representing the 
distribution of their north and south polar magnetism, being similar 
to the CUTTO A C B o{ the large ma;^et, of which tliey arc halves. 

(508) This curious experiment was devised by Epinus ; and when 
be fir&t made it, be did not divide the magnet in two, but lie set two 

bars end to end, and magnetised them as one magnet ; so that this 
ipound magnet liad its magnetism distributed as in a single bar, 
N Sy Fig. 180. He then separated them and found that each bar was 
a perfect magnet, with two poles. To insure success in this experiment, 
the united ends of the bars should be ground together, so aa to be kept 
in perfect contact, and preserved in this state by a powerful pressure, 
during tlie time that they are magnetised. 

Upon the separation of the magnets thus united, Epinus found that 
two poles were instantly developed in each half, but that the neutral 
points, e tf*, Fig. 180, were nearer the interior poles, t n', or, what is 
the same thing, nearer the original neutral point, C, than to n' and t. 
In the space of about a quarter of an hour it had, however, advanced 
iieanar to the middle points, c, c', aud continued for some hours, some- 
tiines for days, to advance to those points, which it finally reached, thus 
completing the regular distribution of the two opposite magnetisms. 

(509) We are indebted to M. Ualdat, of Nancy, for the discovery of 
magnetic figures, amdogous to those first produced with Electricity, by 
Jkl< Litihtenberg, and which may easily be exhibited. For this purpose 
he employs plates of steel, from eight to twelve inches square, and from 
one-twentieth to one-eighth of an inch thick. The plates which he 
tiAed were of that kind of steel which is uiied for the manufacture of 
cuirasses ; so that it did not require to be tempered, being sufficiently 
hard to preserve the magnetism communicated to it. Figures of any 
kind may bo traced on the surface of the steel plate, either by one mag- 
net or by eeroral combined, and the best form for this purpose is that 
in which tlic poles are rounded* In this way wo may write on a eteel 
plate the name of a friend, or sketch a flower, or a figure, with the 
extremity of a magnet. If it is the south polo that wc use, all the 
traces that we umko will have north |M>lar magv\eV\a\u -, au^'\^ xt^ ^^\s^&% 
«toct/ Bliu^ on ibo p/ato out of a gauze bag, iVt* ^Vw^ "w*^ vitm\^ 



noo 



itJicxFnflir. 



t1jem3c]vee in the enij^ty epacea l>etwei'n Uic lioos iraci^l by tlu' |wL* ti 
the magnet, and ilms rupresent in vacant steel the iuudv >fiUkh ta* Urm 
wntten, or the fluwcr or fi^rc >Tbicb has been aketobifid. '^Thoe 
figures," says M. Ilaldat, " have a perfect Kscmblance to thofe nh^A 
ore formed on tlic surface of non-magnetic plates, riz., wood, tat^ 
glass, or paper, under which a magnet is placed. The raoembSinte 
between the two sorts of fibres, when the magnets and ibe parta ma^ 
iiotiacd have the same form, is not only exxust in llie whole 6gnrc, bol 
likewise in the suiallcst details. The filings collect at the porta nhcfa 
the magnetism is most intense, and they arrange tbemaelTcs io pcncBi 
and radii. Those curves, and pencil^, and rays;, so similar at tbetir« 
poles of the same magnet, have such n rcacmblonce that they do &ol 
allow us to distinguish the two parts from one another." 

(510) In sifting the iron Bliugs upoti the stoel plate, a g'enetal Tiba- 
tion of the plate, by tapping its edge with the ring of a small keV, «9 
assist the tilings in taking their proper places ; but we roust aruid itdk 
vibrations as will produce regular acoustic figures, unless we wi«lii,M 
M. MalUat has found to be practicable, to unite the magnetic with tUr 
acoustic fif^urcs, whicli produces very interesting and varied fomit. 

In order to remove the magnetism from the steel plates^ they may U 
beiitod over cliarconl, till they become of the straw-coloured tomptri- 
lure; and to render the re- polishing of theui unnecessary, M. Ualdat 
tins them, and the temperature at which the tin mdta, when it ii 
required to ctifacc the magnetism, indicates the ncccsaary heat. 

(511) As the figures traced on the steel are nothing more tfaaa 
BAgnets of ditl'cn'nt forms, and are surrounded on nil sides with a nib- 
itance capable of acquiring the magnetism which may l>o develaprd hf 
communication, wo might expect, as M. Haldat remarki^ that ih* 
means of communication between the opposite poles of tbo magoeli 
would bring them into a neutral state. This, bowerer, is not Him 
case ; and the portion of the metal which surrounds the inaj^nrtit 
figure, performs the part of the annatuvf of a loadstone, ami the maf- 
uetism is thus kept up. 

The figures might be rendered permanent, by covering tbo etocl pUl« 
either with a gnmmy or balsamic solution, which will hocorno bard by 
exposure to the air ; or with a coating of some easily melted •ubstaoec 
which becomes fixed at ordinary terojicratures. If w- 3H 

filings on the steel plate when covered with such n fiu -^44 

will take their magnetic position round the traced Ijnea, and wfiT 
btsjorac fixed by the induration or solidification of the flui ■ 

(512) For a long timo irvn waej rcganlcd as the > u<tj» 
metal ; for though other substances were found to poscaii ttiii prnp^t/^i 
of acting and of being acted upon aa a mftKnot, it wtu \r ' -• • 
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into their composition, than to tlio magnetiam residing in tlio proper 
-: >i ' \iice of the body. 

i : ) A series of careful experiinents were made by Cavnllo, on the 
magnociam of f/ra^a when hammered. He found tlmt thia compound, 
wbdticr old or new, was made magnetic, when placed between two 
pieces of carJ, and bnnnncrc-d, cither on an auvil by n hammer, or 
f.ff.-. -..^n two flints. Ho obserrea, "It appears that the property nf 
' Luming magnetic in brass, by hammering, ia rather owing to some 
[I'cuUar conBgnration of its parts, than to any admixture of iron; 
ivklcli 19 confirmed stiit furtlicr, by observing, that Dutch plate brass, 
(w]nch ia made, not by melting the coppor, but by keeping it at 
a strong degree of heat, whilst surrounded by lapU ealammartj/,) also 
p.-i>fr^ses that property ; at least such was the cose with all the pieces 
I L.i I, From this it follows, that when brass ia to be u»ed for tiio 
construction of instruments wherein a magnetic needle is concerned, as 
dipping needlc.% variation compasses, &c., the brass shoiild either be 
left i]tiite soft, or it should be chosen of such a sort as will not be made 
magnetic by hammering, which sort, however, does not occur very fro^ 
qucntly." 

(514) Tlicsc suggestions of M. Cavallo were not attendo<l to as their 
importance deserved, and there is no doubt that considerable error? 
have arisen from their negh'ct. Many examples have recently oc- 
curred in which the errors were detected ; and it is now the invariable 
practice of well-informed inrtrumcnt-makors, to reject hammered brass 
tH>wl8 for compasses, and to use those which are cobt and turned for the 
purpose. 

(515) Tlio existence of magnetism in brass, while there was not the 
least trace of it either in the copper or zinc of which it is composed, led 
philosophers to investigate the effects produced by the union of diflcrciit 
inetala, or by their combination with other substances. Iron itself is a 
simple chemical body. Steel is a combination of iron and carbon. The 
loa<Utone is a combination of iron and oxygen ; and as no magnetism is 
found either in carbon or in oxygen, we are naturally led to believe, as 
M. Puuillett has remarked, that the magnetic fluid resides in the sub- 
stance of the iron, and that it is carried witli the atoms of that metal 
Into all the chemical Combinations which they form ; we may, there- 
fore, expect to find magnetic propertit^s in all femiginoua bodicfi, 
whether the iron be an accidental or n necessary ingredient ; and 
bdeed cast-iron, plumbago, and tho oxides and sulphuiots of iron, 
exert a senfaible action on the noc-dlc. 

(.jl 6) On the other hand, Cir. Matthew Young found that the smallest 
admixture of antimony was capable of destroying tho pularity of iron ; 
and M« Soobeok states that an alloy of ono part of itoiv and towi ^Qbt>A 
of Mitimonjr wav so coniphtvly dostituto of raagnot\c ckCt\oia, VV^V^ncm 
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when put into rotntion it exerted no action on the nmji^ctic wv&. 
Tlie njagnetic qualities of mckcl, (which standa next tr> iron in tnagottk 
susceptibility, and which is usually found to poese^ connidenlilB 
power,) aro also dastroycd by a mixture with it of other uieUk 
Chevenix found that a very small portion of aracnic deprivecl a mam of 
nickel, that had previously exhibited a strong magnetic power, of At 
Tpliole of its magnetism ; and Dr. Seel>eck found that an alloy of l»« 
parts of copper with one of nickel was entirely devoid of magDelian, 
and on this account he recommends it as well suited for the maavlhe- 
ture of com]>a8s boxes. On the other hand, "Sit. Hatchett asoertilaed, 
that when a large proportion of ciubon, or sulphur, or pho9]iUorai, w» 
combined with inm, the iron was enabled fully to receive and retua 'tU 
magnetic properties ; but he at the same time found that there wu a 
limit, beyond which an excess of any of these three substauoea rendered 
the compound wholly incapable of receiving magnetism. 

(517) Animal and vegetable substance?, after combination, are gaid 
to bo attracted by the magnet. The fleshy and particularly the blood, 
are .icted on more powerfully than other part!<, and bono leas power- 
fully. Burned vegetables have tlie same ]>roperty, and abo Boot u4 
atmospheric dnat ; and M. Cavollo has maintained that brisk chemical 
offervcsccnces acted npon the magnetic needle. 

(518) In 1S02, the supposition of universal magnotisni was pat ^ 
the test of rigorous experiment by Coulomb. He employed a gliH 
receiver, from the top of wliicli w^as suspended, by a silk 6bfe, llie 
needle of the substance to be examined about an inch long, and ow- 
thirtieth thick. The receiver was then placed so aa to enclose tk 
opposite poles of two ])owerful bar magnets, each formed of four bars iif 
steel tempered to a white heat, and the number of oscillattouti of die 
needle between these poles were noted. It was found that all e»f- 
ttance* tthat^ccr, icken formefi into fmail n^/e*, inmcd thffMtito 
in the direction of tfte pole$ of Mtf ma^etty and <ift&r a fete ajft/Zaffewy, 

finalli; settUd in that potition. When tbeae bodies v, * -r^ 

little way out of their position of equilibrium, they i '^a 

to oscillate round it, the oscillations being always performed nior» 
rapidly in the presence of the magnets than when thry ^ - ' 

out of their inflnence. Gold, silver, brass, wood, and all ntl-. 
whether organic or inorganic, thus obey the power I'f Ilcnrv 

we cannot avoid the conclusion, either that nil bodi^>. -i. ...-i.vptible of 
magnetism, or that they contain minute quantities of iron, or other 
raagiiPtic metals, which give them their suaccpt' ;SrT 

methods have been employed in developing m. _ . : :^im 

whatever, since the time of Coulomb; bat I mnvt rofor for ao ■»- 
oouDt of thorn to tho exodlent trcfttiae on magMtMB, diawn ap ht 
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cyclopfEdia Britnnnica, by Sir D. Brewster. Bcccntly, the 
prevalence of tnagnetism has been fully established by a 
al dt&covery of ^I. Arago. Tills distinguished philosopher con- 
tbe idea of studying the oscillations of a maguctic needle, when 
above or near any hudy whatever. Having suspended a mag- 
needle above metal, or even water, and caused it to deviate 
in number of degrees from its position, it began, when left to 
to oscillate in arcs of less and less amplitude, as if it hod been 
in a resisting medium ; and what was peculiarly curious in these 
imcnts, thi:3 diminutiun in the amplitude of the oscillations did not 
the number of oscillations which were performed in a given time. 
Seebeck found, that in alloying mngnetic with non-magnetic sab- 
ht /om\6tl compountlt which exerdnoi no action on t/te needU, 
alloys which bad particularly this singular property, woro those 
log of four parts of antimony, and one of iron, or two parts of 
copper, and one of nickel. In these cases the maguetism of the two 
ientfi must hare been neutmlized by their oppoeito actions, 
JO) In consequence of these experiments of M. Arago, whicli 
announced at the sitting of the French Institute, on the 7th of 
h, 1825, philosophers in every part of Europe turned their atten- 
to the development of magnetism by rotation. The most impor- 
tant results were obtained by Messrs. Babbagc and Hcrschel. A 
horae-ahoc magneti which lifted tweifty pounds, was made to revolve 
tapidly round its axis of symmetry, placed vertically with its poles 
QpfKmnoBt. A circular di^c of copper, six inches in diameter, and ono- 
twenty-foorth of an inch thick, was suspended above the revolving 
ct. As soon as the rotation of the magnet commenced, the 
began to turn in the same direction, at first slowly, but afler- 
willi an increased velocity. When the magnet was made to 
in an opposite direction, the disc of copper changc<l the direction 
its motion also, and exhibited the same phenomena. Metallic plates 
ten inehee in diameter, and half an inch thick, when interposc<l 
the magnt't and the copper disc, did not sensibly modify the 
ta, as M. Arago had observed. Glass produced no elTect ; but a 
of tinned plate iron diminished greatly the influence of the 
while two such plates almost destroyed it. They found at<^o 
tbftt a diac of copper, ten inches in diameter, and half an inch thick, 
and revolving with a velocity of seven revolutions in a second, 
did not coDimmiicato any motion to a similar disc freely suspended 
above it. 

520) BlesBts. Babbagc and Herachel next sought to determine the 
produced by a solution of continuity in the dm* ^^^^Jlp^ 
the revolving magnet acted. For this purpof 
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twelve inches in diameter, and one-tenth of an inch thick, wm sm* 
pcndcd at a given distance from a horse-shoo magnet, revulriag with 
the ordinary rapidity, first in its entire state, and afterward* in ck 
state siiown in the annexed figures, the black lines in the directi 
the mdii being the planes where tlie lead was cut Uiruugb, Fig. 
182, 183, 184, 185. The occebrating forces, rqircaentod by 5. what 



Fig. 131, 



Pw. 182. 



Fio. IR3. 





Fio. 184. 



Fm. 185. 





9 Ib the number of the roTolutions, and /, the time employed, ara u 

follow : — 

Disc u in 
Fiff. 181. 

1047 



1258 1047 913 664 432 324 

Efiecta similar, but differing in degree, wore obtained with otbir 
metals : Mith soft tinned iron, the cutting produced a verr alt^ht 
diminution of effect, while in copper the same o|»cration n*dur«l it,- 
nooclorating force in the ratio of five to one. 

Tliey next tried the effect of filling up the cuts with tliftcr^ut mctak. 
A lig)it upper disc suspended at a given distance aho»-e a ivTolriaiv 
magnet, performed six revolutions in 54" 8. When cut as in Fijr. IB^ 
its magnetic action was so weakened, that it took 1 21' 3, to poHbrn 
six revolutions ; when the right open radial s[wcc8 wore fiUcd up whh 
tin, its magnetic action was restored to snch a degroo. that it made mx 
revolutions in 57' 3. This fact is wry interesting, as tin has Um than 
Imlf the energy of copper. 

(521) M. Haldat made some vury inter „^ta on th» 

subject. He found that every nrcfile» h. .« iu mnr 
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)boye(l the action of the rovolving disc ; but that this action 
Lisappcarcd entirely when its polarity disappeared. Ho found it im- 
possible to mngnetiso needles by tho action of the revolving disc, 
however nipid ; and in consequence of ascribing this ofTcct to tbo 
watit of coercive power, ho employed discs of iron and steel, botb soft 
'^ud Imrdened. 

Hkt disc of soft iron acted witli more energy than one of copper, and 
^Rtli tlie same velocity, it drapged the nce<lle twice tho distance that a 
disc of brass did. Iron strongly hammered acted liko st»ft iron, iind 
was tinable to give polarity to a steel needle ; but a dis^ of untempered 
steel, one twenty-fifth of an inch thick, did not produce any appre- 
ciable cffV-ct on tbo magnetic needle, which, after a few irregular oscil- 
lations, maintained its ordinary portion of equilibrium. Hence ho 
concluded, that tbo force which acted upon it was in the inverse 
ntio of the coercive force. M. Ilaldat also found, that discs in a state 
of incandescence czcrciecd tho same action oa tboso at tbo ordinary 
temperature. 

(522) Mr, Snow Harris has since shovi-n that several substances not 
supposed to contain iron, have tlio power of intcrceptinr; the tnfluenea 
of a revolving magnet, contrary to tho obpervations of Messrs. Babbagc 
and Hcnicbel. A circular magnetic disc being delicately balanced on a 
6ne central point by meaus of a rim of lead, was put into a state 
of rotation on a small agate cup, at the rate of six hundred rovoluticma 
in a minute ; and a light ring of tinned iron also finely balanced on a 
central pivot was placed immediately over it at about four inches dis- 
tant, by means of a thin plate of gloss, on which its pivot rested. 
When tho ring of tinned iron began to move slowly on its pivot by tbo 
inflncncc of the magnet revolving below, a large mass of copper about 
Mrw inches tliiclc, and consisting of plates a foot square, was carefully 
iDtcrposed between tlic magnet and the iron ring. Tho interposition of 
the copper soon sensihly diminished tliu motion of the iron disc, and at 
longtlj arresteil it altogeih^. On again withdrawing the copper, tho 
motion of the disc was restored ; and the same etieots were repeatedly 
obtained. In this experiment both the magnet and tlio disc wera 
enclosed by glass shades, and supported on a firm base. 

(523) The same effects were produced by a mass of silver and zinc : 
but when their thickness was considerably diminished by removing the 
CCTitral platvH, tho motion of tho disc was not impeded, A very great 
tbickucss of lead was necessary to stop tho disc, in consequence, as Mr. 
ilarris supposes, of its magnetic energy being so much less than that of 



[{524) With regard to the influonco of heat on magnetism, Mr. 
ir, from a mtmhet of exporimcnts iswAa VwU 5hlorevov.\w^»ttKft^ 



SAO 



.maonstism. 



tlio ncedlo binng suspended hy a broas wire onc-four-hundied and fiAiKh 
of an iucli la diameter, oscertainod the foUowing facts :— * 

i. Beginning with — 3° Fahr. up to 127°, the intensity of magnetol 
decreased as their temperature increased. 

ii. With a certain increment of tcmpeTature the decrem«iit of 
sity ifl not constant at all temperatures, but increasee as the t^mpei 
increases. 

iii. From a temperature of about 80^, the intensity deereMSB 
rapidly, as the tom]>erature increases; so that, if up to ibis tempentvni, 
the diflferenccs of the decrements are nearly constant, the dlflmncei of 
the decrements also increase. 

iv. Beyond the temperature of 100®, a portion of the power of iht 
magnet is permanently destroyed. 

V. On a change of temperature, the most conaidonble portion of < 
the effect on the intensity of the magnet is produced instantaneoiaily, 
showing that the magnetic power resides on, or very near the tntlKe. 

vi. The effects produced on soft iron by changes of teni[»eniture, aiv 
directly the reverse of those produced on a magnet ; an inoreoae of the 
temperature causing an increase in the magnetic power of the iron. 
This was observed between the temperatures of 50° and 100° Fabi. 
Mr. Christie regards this as a strong argument against tlie hypothesa, 
that tlio action of iron upon the needle arises from the polarity whit 
receives from the earth. 

(525) Method* ofniaktnff Artificuil Mo^iefi. — Simple induction, 
joxta-position witli one or more powerful magnets, may suflicc forj 
impregnation of very small barB« and in the infancy of the seicmt^ 
wa9 the only method employed. For this purpose tbo bar to be 
nctised was simply placed between the opposite polos of two tl 
magnetic bars of nearly e<]ual power ; but as the piinciplas of 
induction came to be better understood, these simple methotts 
continued, and a great variety of ingenious and highly eifectiTt pro- 
cesses invented. Tlie first of these was that of Mr. Knight. Tim 
method, which was kept a secret during his life-timo, but whicifc WM 
made public after his death by Mr. Wilson, consisted in pUdn^ the 
bar to be magnetised, af^r having temp4?red it at a cherry-r«d boAti 
under the opposite poles X «9, Fig. 18C, of two equal magDeia. Tbati 
magnets were then 
sepanitod in ojipo- 

site directions, «S^, A 

NA^ so that the -^-^^ ^ 

BOUtlt polo of tlie 
one passes over the 
north polar half Bn^ of the bar JJ^ and the north pub Ji ol tlie otfiST 
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half, over tlio south polar half Be^ of B : this operation is ropcated 
aurenl times till the magnetism of the bar B \s fnlly developed. 

In this process, the north pole A\ while it attracts to the lialf Bh, all 
the south polar magnetism in Bt, repels at the same Ume into B* nil 
the north polar magnetism of Bn, The same is true inutaiu muUnuU^t 
with the south pole .9, AVhen the bars A A. are large and powerful, it 
has been found that this process is capable of communicating to small 
ban all the magnetism of which they arc susceptible. 

(526) Soon after the publication of Dr. Knight's method, small bar? 
us magnetiiied were distributed all over Kurope, and were eagerly 
ught after by the cultivators of natural philosophy. When the pro- 
howcvcr, was apjiliod to bars of large size, it was found to bo 
defective; philosophers therefore renewed their efforts to devise methods 
of greater and more univoreal efficacy. Tlie next improvement was 
made by M.Duhamel, of the Academy of Sciences, in conjunction with 
M. Anthcaume. It is repreecntod in Fig. 187* The bars j9 ^ to be 
magnetised, are placed parallel 

to each other, and have their riQ> 187. 

cxtrcmitica united by two pieces 
M m of soft iron, at right 
ai)gl«4 to the bars; two strong 
magnets, ur two bundles of 
•mall bar magnets A A\ hav- 
ing their similar poles together, 

are placed as in the figure, at au angle of about ^0°, or tnclineil 45° 
lu the bar B^ and then separated from each other, as in Dr. Knight's 
ethod ; the same operation is repeated on the other bar B^ and con- 
ued alternately on both, till the magnetism is supposed to be com- 
etely developed in both bars. When ^ ^' are placed on the second 
r By the disposition of tlic poles must be roverBcd ; the pole that was 
rmcrly to the right hand being now turned to tlie left. The two bars 
B B are then turned, so that the undermost faces are uppermost, and 
the Faroe proceti^ carried on as before. 

Tlie peculiarity of Duhamel's process consists Sn the «mp1oymcnt of 
the pieces of iron M m, and in the use of bundles of sm.all bars, wliich 
•n more efficacious than two single ones of the same size. In propor- 
alao aa tlie steel bars acquire magnetism, the connecting pieces 
|iarticipate in the acquisition of a similar power, and serve to retain it 
in the bars themselves ; just as tlie Electricity which is imparted to the 
oer coating of a Leyden jar, is retained by tho reciprocal influence of 
e inducted, and contrary Electricity of the outer coating. The mag- 
isnt of the bars is retained by a similar influence, and greater facility 
Uius afforded to increase its amount, by the subsequent additions it U 
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receivinf^ from the action of the mftgneisi aa tlioy pan mkng tlio 
surfaco. 

(527) Alwul the same time tliat Duhaniel was occupied with Uii* 
subject, Mr. Miclioll, of Cambridge, and Mr. Cnnttm, were aoparmtoly 
engaged in the same inquiry. Mr. Michcll published his method in 
17o0» to which he gave the name of nnthotl h^ donhU touch, H&viofr 
joined togetlier, at the diatauceof a quarter of an inch, two bundlpc of 
strongly ningnclii»ed bars. 
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A A\ Fig. 188, their op- 
posite poles, N St being 
together, he placed five 

or more equal steel bars, jj* b' ;» /*' r ■ 

B If B' B" B\ in tlie sarao straight line, and resting the extremity of 
the bundle of magnets, -1 A\ upon the middle of the central bar, //, h9 
mored them hachtariU and /ortcards throughout the whole length of 
the lino of bars, repeating the operation on each side of the bara, till the 
greatest possible effect was produced. By this method Mr. Michell 
found that the middle steel bars, B B By acquired a very high degrto 
of magnetic virtue, and greater than the outer bars, B* B' ; but by 
placing these bst bars in the middle of the series, and rq>eatitig tli« 
operation, they acquired the same power a$ the rest. Mr. Michelt 
states that two magnets will, by his process of double touch, commitni- 
cate as strong a magnetic virtue to % steel bar, aa a single magnet of 
five times the strength, when used in the proc^?39 of single touch. Tlio 
bars A j4'act with the sum of their powers in developing magnetiau 
■11 parts of the line of the bara between them, and with the diffi 
of ihcir powers in all parts of tho line beyond them. Thoextenud 
act the same part in this process aa tho two pieces of soft iron ia 
method of Duhamel. 

(528) In the year 1831 Mr, Canton published his process, which b» 
regarded us sii[>crior to the preceding ones. He placed the bars a« In 
Dnhamers method, joined by pieces of soft iron. lie theu applied 
MichcU's method of double touch, and afterwards he aeparated the two 
bundles of magnets, A A'; and having inclined them to each otitcr, at 
in Duhamol's method, he made them rub upon the bar from the middio 
to its citremitics. The peculiarity of Canton's method is tho uniun uf 
theae two processes ; but Coulomb and others are of opintuo that the 
hitter part of the proceaa is the only effectual one. 

(.'>2!)) In order to nmko artificial magnets, without tho aid cttlier of 
natnral loadstones or artilieial magncta, Mr. Canton gives the following 
detailed proccaa : — 

He takoa six bars of aoft, and six of hard itecl ; the former bctog 
umallrr than th« latter. The bars of tofi. cteel slmuld be thrtre indMV 
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long, onc-fourtli of an inch broa<1, and one-twentieth tliick ; and two 
pieces uf iron must bo provided, each liaving half the length of one uf 
the bars, and the same breadlh and thickness. Tlio bars of /lard steel 
should be each Bvc and a bxlf inches long, half an incli broad^ anrl 
throe twcnlietbs of an inch thick, with two pieces of iron of half the 
length, and of the same breadth and thickness. 
AU the bars being marked with a 
le quite round them at one end, tuke 
an iron pokor and tongs, or two bars 
iron (the larger and the older thu 
ftter), and fixing the poker upright, 
Ai io Fig- 180, hold to it witli the 
left band near the top, P, by a silk 
thread, one of tbc soft bars, B, having 
marked end downwards; then 
iping the tongs, T, with the right 
)iaud A Httle below their middle, and 
keeping them nearly in a vertical line, 
]«t the bar, B, bo rubbed with the 
lower end, L, of the tongs, from the 
utarkcd end of tlie bar to its upper 
ond, about ten times on each sido of 
H. By this means the bar, D, will 
rccrive as much magnetism as will 
enable it to lift a small key at the 
marked end ; and when suspended 
»y its middle, or made to rest on a point, this end will turn to the 
iy and is called its north pole, tho unmarked end being the touth 
pole. 

When four of the soft steel bars are thus rendered magnetic, the other 
rOjAC.Ii />, Kig. 190, must 
laid parallel to each other, at 
the dintance of about onc-fuurth 
tf an inctt, having tlicir dissimilar 
>1gs united by the smallest pieces 
if iron, A B, C D. Two of tbe 
mognotiscd bars are then to bo 
filaced together, as at 6', with 
tlieir similar poles united, and 
when separated by a piece of 
rood, at /, they aro slid four or five times backwards and forwards 
long the whole length of tho bar, A C, so that tho marked vtid, I\ uf 
ii* is ttcorcei tho unmorkod end of A t\ and vice vcrta. 
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Thi« operation is carefully repented on B D, and oti * ' ^ ^d^ « 
b;)th A C and /i X>. When this is done, the bars A * trc to l« 

taken up and substituted for the two outer bare of tbe bundles O Ki 
thcMC last being laid down in the place of the former, and magoefcttnl n 
a similar mauner. This operation must be repeated, till euhpsirol 
the soft bars lias been magnetised three or four times. 

When the six soft bars arc tlius magnetised, tbey most be fonaed 
into two bundles of three each, with their similar poles together, and 
must be used to magnetise two of tlie ^anl bars in the manner alrcsdy 
described ; and when they are magnetised, other two of the bard bar« 
must be touched in a similar manner. The soft bars are now to be laid 
oiiide, and the remaining two hard bars magnetised by the /oar haul 
bars already rendered magnetic ; and when this is done, the opentin 
should bo repeated by interchanging the bard bars, till tbey are impie^ 
nated with tlic greatest degree of permanent magnetism which tlai 
method is capable of communicating to them. 

(530) In performing the above operations, which may bo compIc<«d 
in about half an hour, the bare, A C^ B D, and the pieces, A B^C l>^ 
should bo placed in grooves or fixed between pins of wood or braas, Ui 
keep them steady during the successive frictions which are applied to 
them. According to Canton, each of the six artificial magnets that 
made will lift about twenty-eight ounces troy. Tbey should bo k«p4 
in a wooden box, and placed so tliat no two poles of the samt 
may bo together, — the pieces of iron being placed beside thefu. 

(531) Tlie following is an account of Coulomb's method of 
artificial magnets, which consists of the moat efficncioua parts 
preceding processes, improved and extended by long experience. 
apparatus which he uses consists of fixed and ntorin^ bundles of mag- 
nets. Each of the fixed bundles consists of ten bars of steel, teiD] 
at a cheiry-rcd heat, their length being about twenty-one incboi^ 
breadth six-tenths of an inch, and their thickness one-fifth of an inch. 
Uaving rendered them as strongly magnetic as possible, with a Dfttofsl 
or artificial magnet, he joined them with thoir similar poles to^jjetbtr, 
and furnicd them into two beds of four bars each, these bods behig 
separated by small rectangular parallelopipods, m n, of soft iron, pfo- 
jecting beyond their extremities, as shown in Yiq, I9I 

Fig, 191. Tlie moving bundles consist of four 

bars tempered at a chrrry-red bent, each being -^ 

about sixteen inches long, six-tenths of an inch ^ 

w^ido, and two-tcnlhs of an inch thick. When ' " *■ — 

thcso bard wero magnetised in the same way oa 

the other bars, he uuited two of them by tlicir width, and two of th[*ni 

by their thickoessi so that cacVv bvmdVe -wu <ao WqU and two-tenths 
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Wy anil fotir-tentlis tliicV. The bars being separated as before, by 

Lcoes of soft iron, Coulouib found tliat oil kiudi^ uf sttiul, provided 

the quality wbs good, wero capable of nxeivuig tbe same degree of 

tnagnetism. In order to mngnetiae a bar, he placed the large fixed 

^«m£/«», M N, Fig. 102, in tbe sauio straight line, and at a distance a 




little less than the length of the bar to be magnetised ; and this bar, 
B B, wa^ placed as in the Bgure, so as to rest on tbo projecting pieces 
of iron, so that the contact took place only over a longtti of one-fifth of 
ftn inch : the two moving bundles, A A', having their dissimilar poles 

larated by a small piece of wood or copper, about one-fiftli of an inch 
ide^ between them ; and each being inclined at an angle of 20*^ or 30*^ 

the bar, B B'. The united poles of the moving bundles arc then 
loved successively from the centre to each extremity of the bar, B B', 
«o that the number of frictions upon each half of the bar may be equal. 
When the last friction has been given, the united poles are brought to 
le middle potut of the bar, B B', and then withdrawn perpendicularly. 

le same operation is then repeated on the other side of tlie bar, B B'. 

we wish to employ the method of Duhamcl, we do not require the 
licce of wood or copper, but have only to separate the bars wheu the 
titcd poles are in the middle of the bajr, B B', making each pole pasa 

the extremity of it. 

{532) If the pieces composing the moveable magnets have not 
received their full power, they will, uotwithstanding, eouiniunicate to 
the bars subjected to their action, a f;re*itet* degree of magnetism than 
they possess tliemselves. We may therefore now iucrease (heir power, 
by repeating the proctsss on thorn with the bars which they Imve them- 
sdves impregnated : by so doing three or four times, we shall 8uccei4 
in effecting their complete saturation. If the bars to be magnetised bo 
large, Coulomb recommends an increase of the number of the 

reable magnets, each of tlio bars projecting beyond the last as shown 



in Fig, 193. Thus the polo of each, which 
itdomb supposes generally to reside at the 
ry extremity of the bar, will come imme- 
Itely in contact with the bar to bo mog- 
1, when the compound magnet is ap- 
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plwd to it witli lite prupcr iucliuation, and the wliole will pointditty 
oonajiire to produce the same effect. 

(533) Horse-ffnw nuif/netfi. — Tlie form of a horso-shoc U 
given to magnetic bars wlicu buth poles are wanu:d to act to; 
which frcquuntly happens in vanoos cxperinieots; aach n^ for lifting 
weights by the force of inagnetio Attraction, and for ntagnotismg tkxi 
bars by the procc^ of doublu touch, for which they ore exoDodingly 
convenient; fulfilling in this operation all the purposes of coiDpoml 
magnets. 

(,>3*) The following is the method of making a powerful mai^iiBlie 
battery of tlic horse-shoe form, recommended by Profftiaor Barlow : — 
" Take bars of steel, twelve inches long, and bend them into a hune* 
shoe shape, their Icn^h being six inches, their breadth ooo inch at (li* 
curvwl part, and three-fourths of an inch at thwr extremitica, and tb«ir 
thickness one-fourth of an inch. Let them be tiled nicely, au aa fto 
correspond, and lie flatly upon each other. Tlieu piQ, jj^i. 
drill two holes in each as shown in Fig. 1 d-i-, and 
by means of screws V V, pasjsing through thcso 
holes, lei nifi4 horse-shoe bars be bound togetlier. 
When tho heads and ends of the screws are con- 
structe<l, so as to leave tho outer surfaces smooth, 
the mass of bars must be filed as if they were one 
piece, and tho surface made flat and smooth. When 
the bars are separated, let them bo carefully hard- 
ened 90 as not to warp ; and when they are cleaned 
and rendered bright, but not polished, magnetise 
thorn separately in tho followiqg manner : — When 
tho two extremities of the bar are 
connected by a piece of soft iron, 
M, the magneUsm may be deve- 
1o|km1 in tho two halves by Duha- 
mel's method, as in Fig, 1H5; or, 
following Epinus, a strong magnet 
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apjiliod to each pole, and their extremities connected eiOier with 
of soft iron or anotlicr magnet, or two horse-shoe magnets may 

applied to ench other, as Ln Pig. 196, uniting the poles which are to 
W of contrary names, When the magnets are prepared in any of tliese 
ways, they arc then to be magnetised with another horsc-slioc magnet, 
by placing its north polo next to what is to be the south pole of 
009 of the horse-shoe bars, and then carrying the moveable magnet 
TOOttd and round, but always in the same direction. In this way, a 
very high degree of magnetic virtue may be communicatod to each of 
tbo uinn bars. When this is done, thoy are to be rc-united by the 
three screws; and tlicir poles or extremities connected by a piece of soft 
iron, or lifter, as in Fig. 104, having in its middle a hook II, for siis- 
ding any weight. As the lifting power depends on the accurate 
tact of the poles of the magnet with the lifter, the extremities 
after hardening, be properly rubbed down with putty on a flat 
surface. 

A magnet of this size and form was found by Professor Barlow to 
d forty poumh ; but he afterwards fonnd, that a greater propor- 
powcr could be obtained by using bars that were long in com- 
parison with tlieir breadth. 

(535) The following is another simple and efficacious method of 
making artificial magnets, which has been successfully practised by Mr- 
Barlow, llaving occasion for thirty-srix magnets, twelve inches long, 
one and a fourth broad, and seven- sixteenths of an inch thick, he placed 
Uiirty-six bars of steel of these dimensions on a table, so as to form a 
ftr|nare, having 7ii*h<? bars on each side, the marked or north pole of each 
bar being in contact with the unmarked or south pole. At the angular 
points of the square, the under edges of the bars were brought into 
contact, and the external opening thus left was filled up by a piece uf 
iron one inch and a quarter square, and seveU'Sixtcenths of an inch 
thick. Tlie horsc-slioe magnet described in the preceding section, was 
set upon one of the bars, so that its Ptort/t pole was towards the un- 
marked end of the bar, and was then carried or rubbed along tlic foiLr 
rides of the barn, and the o|>eration waa continued till tlie compound 
tnagnet had gone twelve times round tbo square. AVitliout removing 
tlie magnet, each bat was turned one by one, so as to bring their lower 
sides uj>pennust, and the horse-shoe magnet was made to rub along the 
four sides of the square otiior twelve times. Tlio bars were then highly 
magnetised, and the whole proocsa did not occupy more than half an 
boor. 

(5dC) This last process is the simplest, quickest, and most efficacious 
of oil the methods that have been described ; so that when a person is in 
ion of one good horBe-blioe magnet, consiatvufi, Qt tVvite qx ^y«x 
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bare joined together, be may afierwanls mwkt any nnmlxT «c ibt* tsinv 
tinie : indeed, the more the better. In removing tbo b^^rs (rum eack 
other after they have undergooo the operation, it is advisable* to pUct 
email pieces of soft iron on tho poles of each before tbcy arc separated, 
for it 13 a fact well known to experimentalists, that a very cun^idAratdr 
portion of the power of a bar is lost at the moment of its evpar»tioi 
from others that have been impregnated with it; nor is it posEsbk by 
any means to secure tho whole of tho magnetism that has beea pfm 
to it. By following the plan rccoramended above, however, it will be 
found that a much larger portion is retained. Tlio whole of the bait 
bocomo in fact| as one single magnet ; and the act of separatioii k, ti 
course, analogous to that of fracture. 

(537) Magnets should, when laid aside, be placed aa nearly as P^*^ 
bto hi the position which thoy would assume, in consequence of tin 
action of terrestrial magnetism. If tliis be ueglected, in prooosB of tina 
they will become grndnnlly weaker ; and this deterioration is mo«t lO 
ce1erat«d when its poles have a position tho reeerw of tho natural 00c 
Under those circumstances indeed, unless tlic magnet be made of thi 
hardest steel, it will eventually lose the whole of its magnetic po«r«. 
Two magnets may also very much weaken each other, if Uicy bo kcpl« 
even for a short time, with their nimilar pules fronting each otb«r> 
This will readily bo understood from what has been said with rogarti to 
magnetic induoti(m. The pohinty of the iK*eakor magnet i ■(■• 

pained, and sometimes actually reversed. All rough and > _._:v ir.*** 
ment of a magnet should also be carefully avoided : ovory canounoa 
or \'ibratiott amongst its particles tends to weaken iu power. 

(5.'i8) IIor^'-Bhoo magnets should have a short bar of ftofl iroi, 
adapted to connect the two poles ; and should novor bo laid by, with- 
out such a pioco of iron adhering to them. Bar magnets sboiJd ht 
kept in pairs, with their poles turned in contrary directions, and the 
dissimilar poles on each side connected by a bar of soft iron, so ti»at tb* 
whule may form a parallelogram. They sliould 6t into a box whflB 
thus arranged, so as to guard against accidental concusaioo, aod to p»* 
serve thum from the dampness of the atmosphere. Tlicy ehooV^^H 
polislied, not with a view of increasing their niagnetijim, but beJH 
they are then less liable to contract rust. Both single m^gn&U and 
needles have their powers not only preserved but incroaaod, by keeping 
them surrounded with a mass of dry Bliugs of aoft iron, eada aartklt 
of which will re-act, by its induced magnetism, upon the point of Uu 
magnet to which it adheres, and mainUin in that point iu pntmtbe 
magnetic state. 

(539) In the Ci>tnpU*g fi^'wlm, for January 2d, 1838, thrre w an im- 
portant notice of a communication teoclvcd frura 5f . Dt; la Riro, nlalin 
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lo the mngnetising of needlt»» by the nerves. Tlie following is an ox- 
timel : — " Dr. PrcvoBt, of Geneva, haa succeeded in maj^netising very 
delicate »ofl iron needles, by placing them near t!ie nerves, and pcrpen- 
dicuUr to the direction which he supposed the electric current took. 
The magnetising took place at the moment when, on irritating 
tlto Bpiual marrow, a muscular contjactiou was effected in the 
animal." 

(540) There is another method of forming very powerful magnets, 
-which I shall only briefly notice here, as it will form a part of a future 
Lecture ; viz., by induced electrical currents : soft iron is employed, and 
the magnetism is oidy temporary. The process consists in winding spiral- 
ly round a horee-shoe bar of iron, a copper wire covered with silk thread, 
A galvanic current is then made to pass through the wire ; and at the 
moment the contact between the wires and the single voltaic circle is 
completed, the soft iron becomes powerfully magnetic. Professor Henry 
mentions a horsc-ahoe bar of soft iron, weighing twenty-one pounds, 
which, when magnetised by this process, lifted more than thirty-6ve 
times its own weight ; whereas, the Urj;est natural magnet known, and 
in the possession of Mr. Pcale, of Philadelphia, lifts three hundred and 
tmk pounds, or about six times its own weight. 

(541) Theory of AfiP/tteiUm. — A magnet is considered aa composed 
of minute invisible particles or iilaments of iron, each of which has 
tndividaally the properties of a separate magnet. It is assumed that 
there ftre two distinct fluids— the austral and boreal ; and under the in- 
Ihumoe of either in a/re4! state, the bar of iron or other metal will point 
to the north or south poles of the earth, according to circumstances. 
It is within these small particles or metallic elements that the displace- 
ment or separation of tho two attractive powers take place ; and the 
particles may be tho ultimate atoms of the iron. 

A magnetic bar may therefore be represented (as in Fig. 197), as 

composed of minute por- riQ. 19 <. 

tinns, the right-hand ex- '^' BHSHSHSHS^S^^^SHSH'^ 

pqwow ono species of mag- "' ■— ^■— i^— IM— lM-^^— ^M— ^™— 1 
netism, and the left-hand extremities the other. The shaded ends 
being supposed to possess Iforeai, and tho light ends auttral mag- 
netism. Then the ends of the bar itself, of whicli these sides of the 
deoientxLry magnets form the faces, possess respectively boreal and 
anstnl mognetisra, and are tho boreal and austral poles of tho 
magnet. 

la ordinary iron, these fluids exist in n comhine/l state, and aro 
therefore perfectly latent, the metal appearing to be destitute of mag- 
uetisni. They exist in certain proportions \uulud t« cwAx \icvoW>^ ^t 
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atom of the metal, and from which thejr can nse^ 60 JUvnitody tW 
only diange whicli they arc capable of undergoing being thdr dccco- 
position into the separate fluids, one of which in a permaiMiii DUigMt 
18 always collected on one, and the othct on the oppoate ade of mA 
molecule. 

This theory, if not absolutely correct, ia %-ery conveniioit, and oficnft 
satisfactory explanation of all the ordinary magnetic pfacnonaeaa. 

(542) Terrestrial Ma<fneli9m, — The tendency of the magnfltM 
needle ur bar to turn nearly to the north and south when IcA M 
liberty to move freely on a pivot, or otherwise suspended, so ac V) 
allow of freedom of motion, in a horizontal plane, is derived Iruiaa 
force naturally supposed to reside in tlie earth. It id found that in IIai 
country, as well as throughout Europe, the north p<jle of the ooiOfttM 
deviates a certain number of degrees (about 25°) to the westward d 
the true north : this deviation is called the magnetic docUnaiion or miv 
ation. The vortical plane which passes tlirough the direction o( ih< 
horizontal needle at any particular place, i3 called tho ma^n^tic wufi' 
dian or tbe place in contra-distiuction to the gengraphic^ or Crmi 
n^tridiariy which is a vertical plane passing through the poles of tbi 
earth. On tUis property of tho needle, is fL»undcd that invtrumal 
which is of such indispensable utility to the sailor, tho marincr'a cfo^ 
pass. It consists of a nocdie Gjced to a circular card, containing upon 
its surface the thirty-two poiuts of the compa^. This card is balanea! 
upon a pivot fixed in tbe bottom of a circular box, and tlie t«p i>f the 
box is a plato of glass for protecting the needle from tho motion ti( tbe 
air. In Fig. 108, AU is the compass-box suspended within a laf)pff 
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box PQ, upon two concentric brass circles, or giinbab», tho outer 
being fixed by horixontal pivots both to tho inner circle, which caatM 
tlic compass-box, and likewise to the outer box, the two axc« upoa 
which tho gimbals move being ui right angles to cadi othtT Tt. 
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Hpt of this oonstniction is, thai the cnrnposs-box AB, will retain a 
hoTir/tntal position during the motions of the vessel. Tlie instrument 
showD in the figure, is the Azimuth Compass : it is furnished with 
siglits GU, through which any object may bo seen, and its anglo with 
the macrnetic mcridiftn increased. For this purpose, the whole box is 
hung in detached gimbals CD, EF, wliich turn upon a stout vertical 
pin seen above S. In this compass the card is divided on its rim into 
3€0"^ ; but the divisions are more frequently placed on a light metallio 
lim which it carries. The eye is applied to the sight H, which is a 
•tip of brass, coutaining a narrow slit. The other sight G, which is 
tamed towards the object, contiius an oblong aperture, along the 
AXIS of which is stretched a fmo wire, which is made to pass over the 
obj(^ct whose angular distance or azimuUi from the magnetic meridian 
13 to be determined. 

(^43) Tiie force of terrestrial magnetism is not only exerted ou 
bodies possessed of magnetic power, but also on unmagnotiscd bodies : a 
piece of iron n»ay be rendered permanently magnetic by it. It is found 
that when a bar of soft iron is held in the direction of the magnetic 
iDcridian, and inclined to the horizon, it is converted into a temporary 
magnet possessed of a north and south pole; and if it be kept for a 
rery long time in that position, it acquires permanent magnetism. Old 
kitchen pokers that have beeu in use for a number of 3'earH, and which 
when laid i»side have frequently tho exact position required, are often 
found to be powerfully magnetic, the lower end exhibiting all the pro- 
perties of a north pole, repelling the north, and attmcttng tlio south 
pole of the needle; while the upper end is a true, though much weaker 
Bonth pole, repelling the south and attracting the nortli pole of tho 
needle. 

(544) But not only does tho balanced magnetised needle point to the 
north and south, in consequence of terrestrial innguetiHm ; it is found to 
be endued with another property also. If wo take a needle and 
baluioe it on a pivot with tho greatest accuracy, it will, of course. Ho 
horizontally on its axis; but if we magnetise it, it will no longer 
remain in a horizfmtal position, but will bo found to toko an inclined 
pofcilion, the north end appearing to prepi>nderato : this arises from tho 
effects of the (/»/>, which in this country is about 70°. 

(545) Thus tho magnetic force may, by the ordinary dynamic mode 
of resolution of forces, bo resolved into two forces, tho one acting ver- 
tically, and the other horizontally. The latter of these forces is the 
only one with the action of which gravitation does not interfere ; and 
•cconlingly, the mariner's compass indicates by its molious tlio effects 
of this part of the terrestrial magnetic force, and this oidy. In order to 

^■ertain the vertrca/ force, we must proceed \u 11 ^\^ot«iv\. wv^w^^. 
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The ncodlc must be fumutlied wUli an axis at right angUs to Iti 
aiid adjusted very carefully, so that it may pas as exacUy 
through its centre of gravity. This of courc can only be done wfaai, 
the needle b wlioUy free from magnetism, and secured from all 
netic influence which tbc cartli might exert upon it. Tito 
be supported honzuntally, in such a manner as to allow the ocedleooa* 
plete freedom of mution in a vertical plane. The needle b«og bllmni4. 
will have no tendency to incline U) one side rather than to aooUMO', lal 
will remain at rest in any position in which it may happen to be Itft, 
as long as nu extraneous force is applied to it^ and when ifi is ttuf- 
netised it will be in a condition to illustrate the property of the dip. 

The dipping noodle is shown in Fig. 199. It comnata vf a hramphtn I 
supi>ortcd on a flat stand by three screws. On 
this plate is fixed a spirit level for adjusting the 
plate horizontally. A etuut hollow brass pillar 
rising from the centre of the plate carries a cir- 
cular box, forming the case of the dipping 
needle, which turns freely ou two finely po- 
lished planes of agate. In order to obtain 
an accurate measnrc of the dip, soveral mea- 
sures of it should be taken ; JirgI, with the 
face of the instrument to the east; a^tcondly, 
with tlie face to the west; and the samo 
observations ropeatttd after the polarity of the 

needle has been invcstoil, or the north polo converted into a Booth fioji^ 
and a south pnle into a nurth one. The mean of tlicee four aKi 
of observations will be the true dip required. 

I shall consider these two important classeeof phenomena in refa 
to terrestrial ni.ignetism in their order. 1st, The variation ; and 
The dip of the needle. Pleasures of the variation of tlio noodle 
boon taken by navigators and travellers in all parts of the Mbt* b 
some places the magnetic and terrestrial meridian exactly cot iMpu ftd ; 
in these sitnationa the needle points to the true north and iunth ; bnl m 
most parts of the earth's surface its direction deviat^tt, somettmes to ths 
east, and sometimes to the west. We are indebted to 
Hanstcon for the most satisfactory collection of obsorvatioiia 
variation of the needle, and for the most philosophical generalisation of 
them. He has published a variation chart for 1787, in wbidi H] 
is shown how irregular arc the causes on which terrostrial rasgnstkni 
depends, by the total want of eynimetry, and the im^abniit* and 
inflexions of the magnetic curves. Ho makes the ^tfjitfm /«'im of m 
wtriaiiofit or that which posees tlirough all the places on the gkiWj 
whoro tlio needle points to the true nortli. to bcffin in lAliinds 
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t of Hudson's Buy, proceeding in a south-east direction through 
North American Luko, passing ttio Antilles and Cape !St. Roqne, 
till it reaches the Soutli Atlantic Ocean, where it cuts tlic meridian uf 
Oreeowich at about Gb^ of south Utitude. This line of no variation is 
cly regular, hcing almost straight till it bends round the eastern 
of South America, a little south of the equator. On the other 
anrl, his chart shews that thu emtern line of no vatHalion is extremely 
irregular, being full of loops and iiifloxions of the most extraordinary 
kind, indicating tlto action of local magnetic forces. It begins in lati- 
tude 60° south, below Now Holland, crosses that immense island 
through its centre, extends through the Indian Archipelago with a 
double sinuosity, so as to cross the equator three times ; first passing 
north of it to the east of Borneo, then retumiog to it and passing south 
through Sumatra and Borneo, and then crossing it again beneath 
Ceylon, from which it passes to the cost through the Yellow Sea. It 
then stretches along the coast of Cliina, making a semicircular sweep to 
the west till it reaches the latitude of 70°, where it descends again to 
the south, and returns northward with a great semicircular bend, which 
torroiDatcs in the White ^a. 

Tliese lines of no variation are accompanied through all their wind- 
ingi by other lines, where the variation is 5°, 10°, 15% &c. ; these 
liiKB becoming mora irregular as they recede from those of no 
variation. 

(540) In 1833, Professor Barlow constructed a new variation chart, 
in which he has inserted the magnetic observations of Commander 
Ross ; and ho remarks, that the very spot where tliis officer found tlie 
needle perpendicular, " that is, the pole itself, is precisely that point in 
my globe and chart in which, by supposing all the lines to meet, the 
ral curves would best preserve their unity of character, both scpa- 
ly and conjointly, as a system." 
(5i7) Hanstccn is of opinion, that there Me four poinU of «m- 
rer^enct/ in each hemisphere ; and that these points are to be considered 
as the four viaf/netk poles of the t/lvU. Ho concludes that they have 
a regular motion round the globe ; the two northern ones from west to 
cut, in an oblique direction : and the two southern ones from east to 
wefttk also obliquely. The following are the calculated periods of their 
nvolutioD : — 

The strongest rtortU pole in 1740 years. 
The strongest touth pole in 4609 years. 
The weftkeit nort/t pole in 860 years. 
The weakest tout/t pole in 1304 years. 
Ilanstcon considers the four poles as originating in Uro magnetic axen, 
the two strongest being the termination of one axis, and the two 
weakrvt of the othtr ; and he conceives that they may have been pro- 
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duced, cither along wiUi the earth itadf, or M 4 Utef (pock. Aoim 
ing to the Knit supposition, it is not cnsy to loootsot for tlwnr 
pOiiitioD ; hut according;; to the lost, they must hare originated cHWrlM 
the earth alone, or from some cxt<!n3al caiur. H Ovejt orif^nutcd la t 
earth, their change of position is still unsusceptible of explanation ; m 
hence Il&nsteen conceives that they have their un^n fmcn tbft 
the sun, heating and illuminating the earth, and prodoctoj; ft 
tension as it produces electrical phenomena. 

(548) The following table cxhihite the progreariro chan^ b 
variation of the needle, which hare taken place in London. 
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Years. 
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1622 . 
1034 . 
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1602) ' 
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1670 . 
1672 . 
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1720 . 
1740 . 
1760 . 
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1700 , 
1800 . 
1800 . 
1813 , 

1815 . 

1816 . 
1820 . 
1823 . 
1831 . 

These progresaire changes arc rcfcrrei 
four magnetic poles.* 

(541t) An anntMl change in the variation of ilm mTtllc, di 
on the |>o«ition uf the Bun, in reference to tiro cqninoctial and 
pointa, has boon obaerrod by M. Cnasini. 
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Between the munlba of January aiid April, tlie mngnetio necdla 
lea from the north pole of the globe, so that ita western declinatiun 
iDcreusea. 

From April to the beginning of July» that is, from tho vernal equinox 
to the summer soUitice, the declination dimiuishea, or the needle ap- 
proaches Uie north pule uf thu globe. 

From tho summer solstice to the vpmal equinox, the needle receding 
from the north polo, returns to the west, so that in October it has 
nearly the same position as in May ; and hotweeo October and ^laroh, 
the western motion is smaller than in tho three preceding monthu. 
Hence it follows tliat during the three months between tho vcmal 
equinox and the summer soUtice, the needle retrogrades towards the 
east ; and during the fuUowing nifie months its general niotiuo is 
towards tlie west. 

(550) There is also a daily change in the variation of the needle ; 
this was first observed in 1724-, by Mr. Grahnm, and haa lieen con- 
firmed with the most accurate instruments in almo&t every part of the 
world, When it was first discovered, tlie needle was supposed to have 
only two changes in its movements during the day. About seven a.m. 
its north end began to deviate to the west ; and about two r. M. it 
reached its maximum westerly deviation ; it then returned eastward to 
ite first position, and remained stationary till it again resumed its 
westerly course in the following morning. It was afterwards found 
that the diunial motion commences much earlier than seven a. m., bnt 
its motion is to the east. At half-poftt seven a.m. it reaches its greatest 
easterly deviation, and then begins its movement to the west till two 
r. M. It then returns to the eastward till evening, when it lias again a 
slight westerly motion ; and in the course of the night, or early in tho 
morning, it reaches the point from which it set out twenty-four hours 
before. 

(551} At Paris, the needle is nearly stationary daring the night. 
At Bun-riao its north extremity moves westward, as if it were avoiding 
the solar Inflnencc. Towards noon, or more generally from noon to 
tlirce o'clock, it attains its )n.^xima^l westerly deviation, and then it 
retams eastward till nine, ten, or eleven o'clock in the evening ; and 
then, having reached its original i>osition, it remains stationary during 
the night. Tho amount of this daily variation is, for April, May, 
June, July, August, and September, from 13' to 16'; and for tho other 
six months of the year, from 8' to 10'; on some dayB it rises to 25% and 
on others it does not exceed 5' or 6'. 

(552) The dipping needle also undergoes daily variations, but their 
amplitude is of less amount ; and there is no doubt that a needle 
capable of moving in any given azimuth, will ox^ricuce dsAlif c>^va^^\ 




Vr 

place tb»a^ 
b«i««» AAk» Mi A 

25". Oacttodgjaai Africa, m Amt »> rftt liwglfA, oia U** 
•wwnfe g to Moiiei- Ia Kttng o«t towwdi ibe cast Ciqib Ui» Bodi^ 
wliidi a wlf in tfae cMtn oT tkrt put uT tlw Afrkm Molmnt, tbi 
mgMiic eqintor adfVBBS iBfMdlT' to tiM Boidi of ike ftnraliial opaiot; 
qmiU Africa a liuic to tlie Mntb of Cape Giaidariii, aod in Uie Axabiu 
8ea it attami lU moat noctbcdy biitode of aboai 13^, m 6t° qI mak 
longitude; t«lween thii ifimdnwi, sdiI 174° cast, the 

»Uy to the nostb of the cqaioootial line. It cots ihe 
a Gttk to iIm north of Gope Covmotiin, inrwnea tiM g«lf of 
■Baking a iligkt advanoe Co the eqainuctial, frocD whidk It k 
otiTjr S^ dUtant at the colry of the Gulf of Siaro. It tbca ii ■M—h » 
Httlc to the tn)Tihy almost toaches the nortli point of Boni«v tlA W MW 
1U« I«lc of Pangua, the strait which aepantea Uie moot aoatheni of tU 
Philippines, from the lale of SliDdaDao» aud under the moridaa 
Naigiou, it agftin readies the north latitude of ^^, From tlui poiai 
travGnw* the Arcliipc>U(;o of the C&rolino Islands, and dmotmA^ npsdl* 
^ tlie ««]uiaoi-tial liue, which it cuts, acoordmg to MorUi in 174°, 
»rdin({ to llaiutteen m 187^ east locgittsdo, Then is mueli Iw 
rns]>ccting the ponition of a acooud node, also sitoaud in Iho 
lu lt« west lotigitudo ought to he about 
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M. Sforlet's iaquiries lead bim to condade tbat the maguotio equator 
merely toucbea tlie equinoctial at that point, and then bends ngain to tbo 
soutb — JI. Hnastecn inakea it cross the line into the nortbem bemi- 
spbcTC, and continue there through an extent of 15° of longitude, and 
tUen retnm southward, and crosS the equinoctial again in about 108° of 
W8«4 longitude, or 23" from tlie wcat coast of America. This discro- 
panoy between the results of Alorlct and Ilanstcen is, after all, very 
tririnj ; for, in the ca^o just mentioned, the magnetic equator does not go 
more than 1}° to the equinoctial ; and in general the magnetic equator 
of iE^forlet differs in no part ao mucli as 2° in latitude firom that of HMOr- 
•teen. 

{555) Tlio observations of Captain Duperrey, made on board the 
uille, in the years 1822-25, have contributed considerably to our 
k of knowledge on the subject of terrestrial magnetism, and parti- 
onUrly on the form and motion of tlie magnetic equator. Tliis vessel 
croved the magnetic meridian six times, and M. Duperrey was enabled 
to determine directly two of its points, situated in the Atlantic Ocean. 
On the chart of Alorlet, and in that of Ilansteen, the latitudes of those 
parta, which correspond to tijesame longitudes, are greater by 1°43' and 
1^50'; and benco 31. Arago bos concluded tbat the magnetic equator 
has approached Uio terrestrial equator by the same quantities. In tho 
South Sea, near the coast of America, Duperrey has determined two 
pouits of the magnetic equator. On the charts of Alorlet and Ilansteen, 
the latitudes of these points are about a degree emaller, but the differ- 
ence is in a direction contrary to tbat which was found in the Atlantic 
Ocean ; from which it follows, that near the coast of Peru, the magnetic 
equator bos removed from the equinoctial line. 

{S5G) In a chart of the equatorial regions, which M. Duperrey baa 
drawn up and published in the Annales de Clumie, for 1830, these 
results are laid down : — " That the magnetic equator will meet the 
equinoctial line only in two points, which are diametrically opposite, 
the ODO situated in the Atbmtic Ocean, and the other in the great ocean, 
noarly in the plane of tlie meridian of Paris. When tliis equator meets 
only some scattered islaud:^, it recedes only a little from tbo equinoctial 
lino ; when tbo islands are more numerous, it recedes farther ; and it 
reaches its maximum deviation in both lieTnisphcros, only in the two 
great contineuta which it traverses. He found also, tbat between the 
northern and soutliem halves of the magnetic equator, there is a sym- 
metry very remarkable, and much more perfect than bad previously 
been believed. 

" The (lip of the needle increases on each side of the magnetic equator; 
and Uanstcen has projected lines of equal dip in bis chart. These lines 
Are nearly parallel to the magnetic equator, till we reach 60° of uorth 
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latitude, and they then begin to bend round tlie Ani«ricai] tBBgnetie 
pole, which Commander Ross found to bo situaUMl id ootrih Utxtude, 
70° 5' 17", and west lonpitude, 90** 45' 48', the need}e having »t thai 
point, in Boothia Felix, lost wholly its dixcctivc power, and Um dip^ 
being 89° 59', within on« minute of 90°, or vertical. Had we infe 
the position of the needle &om the fonn uf the magnetic efjuativ, 
should hare placed it in ^5° of west longitude, viz., tho tncridsan 
which the magnetic equator advanoea Ibrthest to tlie south, or 
13i° and 764** of north btitude, or 90'='— 13i°. Thia, how«ver, as all 
arctic obserrationa prove, is not the caae; and we are led by 
phenomena of the dip, as well as by those of the variation in diffocnl 
parts of the globe, to conclude that erer^' place has its own 
axis, with its own pole, and its own equator, as stated by Mr. Bailow. 
(557) The dip of the needle, like tho variation, undergoes a continnsl 
cliange, increasing in some parts of the world, and dimiuisbing in othcn. 
The following tables show the changes of the dip at London, 
1720; and at Paris, from 1671 to 1820:— 

AT L05D0N. 
Year. Obterred. Obscrrer. Compstad* 

1720 74^42' Grahcim TC^ST 

1773 72 19 Heborden 73 40 

1780 72 8 Gilpin 73 18 

KM 7153 ditto 72 3« 

1800 70 35 ditto 71 M 

1810 7115 

1818 70 34 Kater 70 84 

1821 70 3 Sabine 

1828 60 47 ditto 09 43 

1830 6938 ditto 

1833 $9 21 



XT PARIS. 



Tear. Dip. 

1671 75* C 

175* 72 15 

177n 72 25 

1780 71 48 

1791 70 52 

1798 09 51 

1806 69 12 

1810 68 50 

1814 68 36 

1816 * QB 40 

1817 68 38 



Tear. Dip. 

1818 68«35' 

1819 6SS5 

1820 68 SO 

1821 6«14 

1822 (18 11 

1823 68 8 

1824 .. 68 7 

1825 68 

1826 .,..»..»•• 6S 
1829 C7 41 

AlCAl 
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31. Humboldt has shown that the progressive variaiion in the dip of 
the ne«<ile is the necessary conaequt'nce of a change in t!ie magnetic 
Utitudc, arising from the motion uf the nodes of the mngnclic equator, 
znodified by the form of tliis curve. And Morlet has applied the same 
principle to account for the variations of the dip in diifercnt porta of the 
globe. From a series of observations made with a dipping needle by 

Uood, Ilausteen lias found that the dip during the summer woa 
ut liftecn minutes greater than during the winter, and about four or 
Are minutes greater in the forenoon tlian in the afternoon. 

(558) It ha^ become a most important practical problem, connected 
irith the physical condition of the globe, to determine the intensity of 
ka magnetism at diflfcrvnt points on its surface, and the changes which 
it undergoes at different seasons of the year, and at different timos of 
the day. 

Mr. Graham 6rst suggested a method of determining this, by Uie 
niiniber of oscillations of the magnetic needle. And tliis plan has bcca 
mnco mnch improved by Coolomb, Humboldt, and others. 

If a needle, whose axis of suspension passes through its centre of 
gnvity, and which has its north and south polar magnetism equal, and 
similarly distributed, be made to vibrate, by taming it from its position, 
and allowing it to recover that position by a series of oscillationa, it ifl 
evident that the magnetism of the earth will act with equal force on 
eaoh lialf, and that the needle will be drawn into the magnetic meridian 
by the combined action of both forces. The greater tlie magnetic force, 
the more quickly will the needle oscillate, and recover its primitive 
position. The needle is, in short, in the same circumstances as a pen- 
dulum, oscillating by the action of gravity; and as in this case, the 
forces are as the squares of the number of oscillations made in the same 
time. 

Suppose the dipping needle bo made to oscillate in the plane of the 
inagnetio meridian, round the line of the dip, and that when an oxperi* 
ment is made at the equator, the number of oscillations in a second is 
24f while in another place it is 25 ; then the intensity of the magnetic 
force at these places, is as 25^ to 24<, or as 625 to 57G, or as 1*085 to 
I *000. By carrying the same nocdie to different parts of the earth, the 
magnetic intcnj^ity at these places will be found from the number of its 
eeoillations. 

(559) In the application of this method there are various practical 
difficulties, particularly the necessity of the netdle resting on knobs, 
edges of steel, or agate, during it^i oscillations; these difHcultics are 
avoided by suspending it by a fibre of silk, and allowing it to oscillate 
horizontally. Tliis method is therefore the one adopted, though a little 



calculation is necessaiy io obtain tUe intensitj' of terrcetxuU msgnetam, 
Crom thenamber of oscillations that are perfoiroed. 

llaosteeD has drawn up a table, which ia too long for tDwrtioo b«n^ 
exbtbiiing the magnetic intensity in almost every part of the worid, 
from observations mode principally by himself and his firiendB. Ha kaa 
projected, on a map of the globe, the lines paasiog through all the pUwa 
in which tlie intensity has the same value. These lines lie calk imJjh 
namic HneSy or those of equal force, and they are, genermUy ipnikiiif, 
nearly parallel to each other, and to the lines of equal dip. 

(.560) The same indefatigable philosopher, not satiafied with tb* 
many valuable observations which were made during the vmriovs aidie 
expeditions which were sent out by the Britisli govorument, and baog 
exceedingly anxious to establish, by direct obscrvationis of his own, the 
existence of the secondary magnetic pole, which he believed exiJiticd in 
Siberia, undertook a journey at the expense of the Norwegiaa Storthi 
and with every encouragement and assistance from the RiUBi 
tncnt. The results of his expedition were highly satis&urtoiy ; and in! 
consequence, the Russian Academy of Sciences have been induceiS to 
take a new interest in the subject of terrestrial magnetism, which ex- 
hibits such important features throughout the Russian empire ; and tha 
Russian government has established regular observatories in Tariooa, 
parts of its vast dominions for making magnetic cxperimunte. Th< 
Russian empire is actually traversed by ttco lines of no variation, ftnd 
is proposed to determine with great precision » every ten years, the 
position of tliese two lines. Near the first of them, which tiavcnca' 
European Russia, Petersburgh, AIoscow, and Kasan are situated; 
near the second, which passes througli Siberia, are mtoated Kiachta 
Nizni Oudinsk. Observations are yet wanting to determine in wbtC^ 
manner the intensity varies with the height. Ilumboldt id uf opi 
tliat it decreases, confirming the deductions of KupSer. 

By combining ail the observations of intensity Ixom 179° to IBS*, 
M. Hanstecn has dravni the conctusion, tkai tk6 Mai ma^tttic inMuUg 
ft mnaUer in the southern than in tht norMam k$mUpk9r4. M. 
Duperrey has confirmed this result. 

(561) The magnetic intensity, like the variation and dip of tiia^ 
needle, undergoes monthly and diurnal changM. llaaafceeD found hi 
mcan^ of the vibrations of a needle delicately suspended, that 
tnmifnum of doily change of intensity is between leu and eleven in 
forenoon, and the maximum between four and seven in the aftemuon il 
May, and about seven in June, The intensity u a maximum il 
December, and a minimum in June. The greatasi monthly diangc 
tlie intensity is a maximum in the mouths uf De^auber pt*^ Junt 
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About Iho time w!ien the earth is in its pcrilulion and apliulion- It is 
A minimum near tlio cquiuoxcs, or when the earth is at its mean dis- 
tARoe from Uie sud. The greatest daily cliaogo is least in ttio winter, 
and greatest in the tmmmer. The greatest difference of the annual 
intensity is 0*0359. M. Hanstoon has likewise found that the mag- 
netic intfflisity is diminishing in Europe, and that the decrease ia 
greater in ttic northern and eastern, than in the ftoutheru and western 
part; au t'ffL-ct which he conceives to ho produced by the motion of tiie 
8iherian polo towards the east. At Port Bowen, Captain Parry 
observed an augmentation of the magnetic intensity to take place from 
the morning till the afternoon, and a diminution of it from the after- 
noon till the morning. Tliose results of M. Ilaustccn have been 
confirmed by Mr. Christie,* who has shown that the terrestrial mag- 
netic intensity is a minimum between ten and eleven o'clock in the 
morning ; the time nearly when the buu in iu the magnetic meridian ; 
that it increases from this time until between nine and ten o'clock in 
the evening, after which it decreases, and oontinues decreasing during 
the niomiug, till it reaches its minimum between ten and eleven. 
Tlieso results were dedocod from observations made iu May, ttit/tin 
dixrmt, to delcmiiue tlie i>ositious uf the points of equilibrium at which 
A magnetic nccdlo was retained, at difiorenfc hours during the day, by 
the joint action of two bar magneU, and by terrestrial magnetism, 
reduced to their true positions at the standard temperature 60° of the 
magnet. 

Mr. Cliristio repeated his observations in the open air in June, and 
m tliese it appears that the minimum intensity happened nearly at 
time the sun parsed the magnetic meridian, and rather later than 
in May, which was also the case with the time of the sun's passage 
over the meridian. Tlio intensity increased til! about aijc o'clock in the 
afternoon, after wliich it appears to have decreased during the evening, 
and to have been decreasing from an early hour in tlie morning. The 
following table sliews tlio results of the observations of J^Ir . Christie, 
eompored with those of At. Ilanstccn : — 



InteruiCjr dcdaced from Hansteen's 

Ubservniiouft in 1820. 


rnt«onty deduced froui Mr.CUriatie*! 
Obftervatlons In 1633. 


TiMn. 


MAT. 


tVKB. 


TIHB. 


MAr. 


JUMB. 


8b O' A.X. 
10 30 

4 p.u. 

7 
10 30 


1*00054 

i-ooooo 

1 '0021)0 
1-WW94 
l-OOtDl 


1-0<K»10 
I 0*1000 
1 00261 
I'0<»304 
|iK>207 


7h iuy 
10 so 

4 90 
7 30 
9 30 


1*00114 
1-00000 
1-00175 

I'oono 

1-00331 


100061 

l-OOOOO 
10*«'.>3 

1-00389 

looaoo 



* PhUowphical Trsiuttciioiis, 1836, p. 49-61. 
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oftfac 
of M koK^ iA« of Ur itt kotti; wHborBl mtesrspiMa, 
fi^u4 SK Am, Ma aBnnTi^ta,iBftUr|^ewla 
The ii4i i —t h9 ^ fAiji i i m a nagae^ iekvoopi 

Ui tbe mU iB* aT Owloni, ]ilM»d m a gto 
fitMDe, and £sectcd towaadi a vay €a/tMA iiwriiliin mack, Uu dtvi- 
aooa oi waaBl^ waaHalad ■ui^g tae aai^t, wwirrtaa vtob kl a 
•BftB aBBoadi of kararf l a i iitii M In ici if/ia g Uw kafahad ivgabn^ 
of a noefariMi ftf^^ ^ ^^^^ iCrack wilk Um frvqaaoc^f of Iba |mv- 
iurtiatMMM, wpMoIlf of oaolktiona, Um aanpKhWW of which i*t1— ^ 
bej-ood all the dtnaooa of ibe stale, and which ucwurwl rapoiledly ai 
the aun« honn before aoA-roe, aad the Tiolait and 
inento of which oo«ld sot be attnbuted to any- ar cwlctital 
caoae. Tbtee tagaxies of tlio oeedle, ibe alraooi periodical retofii of 
wliich has been recently confirmed by M. Knpffer, ^upcarvd to Haa»- 
luylilt the effect of a re-action of the interior of the «vth towaida iba 
tiiirface, of tna^tetic stonn$^ which indioUe a npid clung* of teaSMD* 
Vom thai time, ho says, he haa been anjciooi to cvtablitfti oa ibo 
tt and wont of the meridian of Berlin, appantna nmilar to hia owv, 
in orJer tu obtain corresponding obaerrations, made at graat ilkltuciiB, 
and at tlio enme lioura. 

(3^3) In 1827, Boron Humboldt renewed these obaonratioQa at 
tJliTlin, and fO'lcavotirod at the sanio tiinc to gentraliia thr means «f 
Tvation^, the occidental cm^iloyroait 
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produced eiicli important rosiilts. One of Oarabey's compasses was 
■kcttd iu tbo nut^/nffic jtaetiion^ in wliicli no portion uf iron was intro- 
^pced, wliicli had been orectcd in tbe middle of a garden. At liis 
request, the Imperial Academy and the Curator of the University 
^ Camn, erected imignetic Koiuei at St. Petersburgh and at Cazon, 
Hd the Imperial Department for Mines having concurred in tlio same 
object, fna'/tt^tic stations have been successively established at Mos- 
cow, Uamaoul, and at Nertschinsk. Tlio Academy of St. Potcrsburgli 
lias done still more, and has sent a conragcons and clever astronomer, 
M. George Fuss, the brother of its perpetual secretary, to Pekin, and 
l» a procured the erection khore of a inaf/netic jmrilion in tlio convent 
^^bdea of the Monks of the Greek church. Since tlie return of 
^W. Fuss, M. Kuwanko continues the observations of horary declina- 
tion, corresponding to those of Geruiany, St. Petersburgh, Cazan, and 
Kicolajeff in the Crimea, where Admiral Greigh haa established ono of 
Gambey's compas:?es, tho care of which is confided to tlie director 
of the observatory, Mr. Knorrc. A magnetic apparatus has also been 
established at the depth of thirty -five fatlioms, in an adit in the mines 
of Freiberg, in Saxony, where M. Reich, to whom wo are indebted for 
valuahte experiments and observations npon the mean temperature 
of the earth at different depths, is assiduously engaged in making 
observations at regulated intervals. Observations of horary decliua- 
tioD, made at Marmato, in the province of Autioqnia, in South 
America, in north lat. 5°27', in a place where, as at Cazan and 
Bamaoul, in Asia, the declination is eastern, have been transmitted by 
M. Boussingault ; while on tho north-western coasts of the new con- 
tinent, at Sitka, in tho Rudhiau uettlcmcnts. Baron Von Wrangal, also 
provided with one of Gambey's compasses, has taken part in the 
«muItanpous observations made at tho time of the solstices and 
equinoxes. Magnetic apparatus have also been sent by Baron Hum- 
boldt to Havannali and Cuba; and M. Arago has erected a compass, at 
his own expenee, in the interior of Mexico, where the soil is elevated six 
thousand feet above the level of tho sea. Preparations are likewise 
amkiog for the estahlishment of a magnetic station in Iceland. 

(564) The suggestions of Baron Humboldt received from tho Royal 
Society the attention which they merited ; and a committee was ap- 
pointed for carrying his recommendations into effect. Conformably 
with tho report made by this committee, the ten fnllowing places were 
fixe<i on by the council, as being the most eligible for carrying on mag- 
netic observations, according to the plan recommended by Barun Von 
Humboldt: — Gibraltar, Corfu, Ceylon, Hobart Town, Jamaica, Barba- 
docs, Newfoundland, Toronto, Bagdad, and tho Cape of Good Hope ; 
ibsN placGs being permanent stations, whoro ofEccta ol eu^uc^sn %xv^- 
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Iha I^onl* ConunlMioi)«ni of tbe Admiralty to the Koyal Society, Mt -'il. 
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focfti len^b), will be stafcionctl close to the Boutlicrn window of the 
room. In this position it will serve for the determinntion of the time ; 
and a small trap-door in the ceiling will enable tlio observer to adjust it 
to the meridian. The theodolite will be situated towards the other end 
of the room, and its ccntro will be on the meridian line of the transit. 
The limit of the theodolite is twelve inches in diameter, and is read ofF 
by three verniers to ten seconds. Its telescope has a focal length of 
twenty inches, and is fumislied with a micrometer reading to a single 
d, for the purpose of observing the diurnal tartation, 
f* The variation instrument will be placed in the magnetic meridian, 
rwpect to the theodolite ; the distance between these irLstruuients 
being about seven feet. The needle is a rectangular bar, twelve incbea 
long, suspended by parallel silk 6brcs, and enclutjed iu a box to protect 
It from tlio agitation of the air. Tlio magnetic bar is funibhod with an 
achromatic lens at one end, and a cross of wires at the other, after the 
principle of the collimator. Tliis will be observed with the telescope 
of tlte theodohte in the usual manner ; and the deviation of the line of 
collimation of the collimator from tlie magnetic axis, will bo ascertained 
by reversal. The direction of the nuif/netic meridian being thus found, 
that of the true meridisui will be given by the transit. It is only 
naoeasary to turn over the transit telescope, and, using it also as a coUi- 
naior, to make a similar reading of its central wire, by the telescope of 
tho theodolite. The angle read ofi' on the limb of the theodolite, is 
obviously the supplement of the variation. The use of the transit has 
been safiigttsted by Dr. Robinson ; and it is antioipattMl tliat much ad- 
▼antage will result from the circumstance ; that the two extremities of 
UiQ arc arc observed by precisely the same instrumental means. With 
this apparatus it is intended to make observations of the al*oluU caria^ 
turn twice each day, as is done in the observatory of Professor OauiB, 
at Gottingen, the course of the diurnal cariation^ and the hours of 
maxima and minima, having been ascertained by a series of preliminary 
observations with the same instrument. 

"A dipping circle, constructed by Qamboy, will bo placed on a 
pillar at the remote end of the room ; and will be famished with a 
needle, whose axis is formed into a knife edge, for the purpose of ob- 
•erving the diurnal variations of the dip. Gausses large apparatus will 
also be set up in the same room, and will be used occasionally, espe- 
cially in observations of the ah»oiuU inten»itt/^ made according to the 
method proposed by that distinguished philosopher. 

*' Tlte bars are too lai^e to be employed in conjonction with other 
magnetical apparatus. 

" It is intended to combine a regular series of meteorological observa- 
tions with those on the direction and intensity oC tViQ \AncfeVn^V -axv\ 
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magnetic force just spoken of ; and every care and precaotioo bai b«ft 

adoptod in tlie construction of the instninienls." 

(56C) The use of bricks in tlie constmctlon of tbese obBemtorio^ 
should be particularly guarded aguinst, as when built into larj^ «dibccS( 
tboy arc found, not only to inBucncc tho magnetic needle, but to le- 
quire magnetic polarity : this has been observed in the chimniea of 
factories. The material from which they were made (observes Prat 
StcvcUey) must be largely impregnated with iron : the mud of riTvn 
Yf&s the tUtritus from hills whose rocks are often highly roagiwtiCi 
Tlie engineers employed in tho trigonometrical survey of IieUoJ, 
liad erected a mound of stones, composed of basalt, to sustain the aigmJ 
staff which they had erected on the highest hill near Belfast : the eflirC 
of that heap of stones on the magnetic needle was so great, tbm la 
walking round it, tho needle would veer round to every point of tli6 
compass. 

(567) Theory of Terrettrial Magnctitm, — Since the earth tlien ii 
evidently a source of magnetic action, it becomes important to invest 
gate the cause or causes from which it derives its origia, and what Aa 
nature of its magnetic condition may be. 

Dr. Gilbert first suggested that the eartli may contain within it«il( 
and in a position nearly coinciding with its axis of rotation, a powdffll 
magnet. If this were the case, tliat pole of the magnet which acta a 
our northern hemisphere, must have a southern jwlarity ; and thai pob 
in the southern a northern, the former attracting tho north, aud titf 
latter the south pole of the needle. Tho ordinary phenomena of terre^ 
trial magnetism, may, agreeably to this hypotliesifi, be representfid \ef 
placing a bar magnet within a terrestrial globe, and holding a smaS 
needle suspended by a fibre at diS'ercut parts of its suriace. WImA 
lield in tho northern hemisphere, it will always point to the nortli 
end of the enclosed magnet, ejchibiting all tho phenomena of tlw 
rariation of the needle as usually observed : at the equator it will hat« 
no dip, each pole being equally attracted by the corresponding polttf 
the enclosed magnet ; and at tho pole^, the dip will be 90°, as obsBffTiA 
by Commander Ross, at the northern magnetic pole. 

(568) Tlie phenomena of tho dip are, however, more complicated tiisa 
this hypothesis will allow us to suppose. Some observations of liaS" 
steen, in Siberia, have led him to imagine that there is another mag- 
netic polo in that country', which regulates the magnetic plicmom«na. 
In order to roconoile this with the theory of Gilbert, another migwl 
must be 8up|)osed to pass through the globe in the '1" "■ 

meter, whose pole coincides with the Siberian magnctn _ | 

this ndditiun would 1)0 inadequate. The theory whicli hM fl 

gaining grouud is, that the magnetism of the earth i« «« H 
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9pher%fAl thell of iron^ on which roBgnetism is induced. In such a 
ma«s, and, indeed, in every mass of iron, cither regular or irregular, 
DoHd or hollow, the centres of action are always colncitlcnt with the 
centre of attraction of the surface of the mats ; whereas, the centres of 
action in re<fular magnets arc placed a/, or close to, their extromitics. 
Tbe magnetism of tlie earth, recent and numerous obserTAtions have 
Bhown, cannot be explained by the action of twu magnetic poles at a 
distance from each other. On tho contrary, Biot has observed, that 
Ui« nearer tho poles wore taken to each other, tho greater was tho 
ftgieement hetweecn tho computed and observed results. This idea has 
\«ea adopted by almost every philosopher who has investigated tho 
subject ; and the only difficulty is to assign a cause for the induced 
magnetism. Tho following are the speculations of ITanstccn : — 

*' For these reasons it appears most natural to seek titeir origin in the 
sun, the source of all living activity: and our conjecture gains proba- 
bility from the preceding remarks on tbo daily oscillations of the needle. 
Upon this principle the aim may be conceived as^ possessing one or more 
magnetic axes, which, by distributing the force, occasion a magnetic 
difference in the earth, in the moon, and in all those {ilanets whose 
internal structure admits of such a difference. Yet allowing all this, 
the main difficulty pecms not to be overcome, but merely removed from 
the eyes to a greater distance ; for the question may still bo asked with 
equal justice, ic/ttttce did the tun acquire its mnf/netic force ? And if 
Irom the aun we have recourse to a central aun, and from that again to 
a general magnetic direction throughout the universe, having the milky 
way for its equator, we but lengthen an unrestricted chain, every link 
of which hangs on the preceding link, no one of them on a point of sup- 
port. All things considered, the following mode of considering the 
bject seems to mo most plausible. If a single globe were left alone 
move freely in the immensity of spacc^ the opposite forces existing in 
its material structure wonld soon arrive at an equilibrium conformable 
to their nature, if they were not so at first, and all activity would soon 
come to an end. But if wo imagine another globe to be inirodiice<1, 
■ mutual relation will arise bctwccu tho two ; and one of its results 
will be a reciprocal tendency to unite, which is designated, and some- 
times thought to be explained, by tho merely descriptive word attraction. 
Now, would this tendency be the only consequence of that relation ? 
Is it not more likely that the fundamental forces, being driven from 
Uieir atate of inditFerenco or rest, would exhibit their energy in all 
ixksaible directions, giving nt-e to all kinds of contrary action ? The 
electric force is excited not by friction alone, but also by contact, aud 
probably also, although in smaller degrees, by the nmtuol action of two 
bodies at a distanco ; fur contact ia notliing but the smallest possible 
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distanoe, and that moreover only for a fow smftll putidcs. fs it not 
coDceivaLle that magnetic forco may likewise origintto in ft nmtUt 
manner ? When the natural philosopher and the mfttbematiciin p«y 
regard to no other cfifect of the reciprocal relation between two boduv 
at a distance, except the tendency to uuite^ tliey proceed logiaaDyv if 
their inveetigations require nothing more than a moTing power; bot 
should it be maintained that no other energy cwi be developed bctwtto 
two such bodies, the assertion will need proof, and the proof wiU be 
hard to find. ^M 

" I reckon it possible, thercforo, that by means of the mutual i^M^I 
subsisting between the sun and all the planets, as well as hi ( wiuii(^B 
latter and their satellites, a magnetic action may be excited in evei^r^H 
of those globes, whoso material structure admits of it, In a direCflV 
depending on the position of the rotatory axis with regard to the fbtDB 
of tliG orbit. Each of the planets may thus gi\e rise to a ptitioatit 
magnetic axis in the sun ; but as their orbits make only emafi AB^^ 
with the sun's equator ^and each other, these maguctic axes would per- 
haps, on the whole, correspond with the several rotatory axce. Soob 
planets as have no moons would, on this principle, have but OM mM 
netic axis ; the rest would in all cases have one axis more tliaa tl^l 
have mouns, if those difiereiit axes, by reason of the small angles wIflP 
the orbits of their several moons form with each other, did not oofflbiiM 
into a single axis. The conical motions by which the rotatory nxmti 
the planets are carried round the pole of the ecliptic (the prrrmirioa ia 
the earth), joined to the revolving moUon of the orbits about the sm'i 
equator (which occasions the present diminution in the oLI' ' tha 

ecliptic), might perhaps, in this case, account for the chaii iioa 

in the magnetic axis. It would greatly strengthen litis hypoUiesi% if 
the above great magnetic i>criod, after tho lapse of which botli mxm 
again assume tho same position, should in fact be foniid to ooinoidewi^ 
the period of tlio ]>recession, which, however, seems a little donbiA^H 

(5t>!>) Such were tlie speculations of Uansteen. But &ir I>mP 
Brewster has proved, from an immense number of metoorologicsl 
observations, that there were in our northern hemisphere two poksef 
maximum cold; tliat these poles coincided with the magmstlQ polv ; 
that the circle of maximum heat, like the magnetic equator, did not 
coincide with the equinoctial line ; that the ieothermal li&eai And tlMl 
the linos of equal magnetic intensity, had the same general Ibna toiy 
rounding and enclouing the magnetic poles, and tboeo of mazuni^l 
cold ; and that by the same formula mutatu mutandis^ wo oonld oJ^^ 
late the tempemturo and the magnetic intensity of any point of tlie 
globe; thus there can be no doubt that there is a cloeo conneeliun 
between the phenomena of tcmpeiature and magnetism : and fdnn> ibe 
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discovery of Dr. Sccbeclc, that tlie mere application of lieat to a circuit 
cf two metals is capable of developing magnetic effects, we may consider 
that we have arrived a step nearer to an explanation of the earths mag- 
rictidni, by roferring to the »ud h& the great agent of all these phenomena ; 
Imt we havo yet to discover the metallic thcirao-magnctic apparatus by 
which they are produced. 

(.^70) The electro-magnetic hypothesis was first advanced by tl»€ 
able writer of the article frum which inoet of tho preceding remarks 
were taken, Sir David Brewster; and Mr. Barlow has, by a beautiful 
Mpcriment, shown its application, it occurred to him that if he could 
llktnbate over the surface of an artificial globe a series of galvanic cur- 
HltA, in such a way that their tangential power should every where give 
V^orreepouding direction to the needle, this globe would exhibit, while 
QDder electrical induction, all the magnetic phenomena of tho earth upon 
m needle freely suspended above it. Tho following is an account of the 
experiment : — 

** I procured a wooden globe, sixteen inches in diameter, which WM 
roade hollow for tho purpodc of reducing its weight, and while still in 
Ihe lathe, grooves were cut to represent an equator and parallels of 
H^ade, at every 4J° each way from the equator to the poles; these 
^[rooTea were about oue-eighth of an inch deep and broad ; and lastly, 
a groove of the same breadth, but of double the depth, was cut like a 
meridian from pole to pole half round. These grooves were for the 
purpose of laying in the wire, which was effected thus: — the middle of 
a copper wire nearly ninety fcct long, and one-taith of an inch in 
diameter, was applied to the equatorial groove, so as to meet in tlie 
tnnsverse meridian ; it was tlien made to pass round this parallel, 
tetumed again along tho meridian to the next parallel, and tlien passed 
round thb again, and so on, till the wire was thus led in continuation 
from pole to polo. 

*^ The length of wire still remaining at each pole was bound with 
vamialied silk, to prevent contact, and then returned from each pole 
along the meridian groove to tho equator. At this point, each wire 
being £EUtened dowu with small staples, the wires for the remaining 
five Coet were bound together to near their common extremity, where 
they opened to form two points for connecting the poles of a powerful 
compound voltaic battery. 

** When this connection was made the wire became, of course, ao 
electric conductor, and the whole surface of the globe was put into a 
state of tranifient rangnetic induction ; and consequently, agreeably to 
the laws of octiftn above described, a neutralirx^d needle freely BU&|)onded 
above such a globe, would arrange itself iu a plane passing from pole to 
pole tlirough the centre, aod take different angles of mcl\nal\wu, WK«t^- 
ing to iis ffittmtioa between the equator and cUVct v^\c. 
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" In order to render the experiment more strongly' rrprcscntatirt fli 
the actual state of tbo oartb, tlie globo in the state nbore dr«cnl^, im 
covered hy tbe gores of a common globe, ^bich were laid on so m Ip 
bring the poles of ibis wire arrangement into tbc situation of the iortli't 
ina^nL'tio poles, accordiug to tbe best ob«ervat)onj wo have Cor 1^ 
determination; I therefore placed them in latitnde 72° north, and 7S^ 
aoutb, and on the meridian correspunding with 76° west, by which imSM 
the magnetic and true equators cut one another at about 1-4° eut asid 
166° west longitude. 

'* The globe being tbuB completed, a delicate needle must be sniipcadl^ 
above it, ncutralizod from the effivt of tlio earth's magnetism, acoOf^H 
to the principle I employed in my observations ou the daily TanttdOSi 
and described in tbo Philosophical Transactions for 1823; by wbk^ 
zneana it will become entirely uuder tlio superficial galvanic arT&ogvniank 
Just described. Cunccive tbo globe now to lie placed so ba to Wing 
London into the zenith, tben the two ends of the conducting wire beii^ 
connected with the poles of a powerful battery, it will be seen immodi«ldy 
that tbe needle, which was before indifferent to any diriTtion, will hats 
its north end depressed about 70°, as nearly as tbe eye can judge, vAUi 
it the actual dip in Loftdoti. If now we turn thu globe about on iU 
support, so as to bring to the zenith places equally distant with England 
from the magnetic |K>le, wo shall find the dip remains tbe same; bat 
the variation will continually change, being first zero, and then gradusDy 
increasing eastward as happens on tbc earth. If again we turn tbe 
globe so as to make the pole approach the zenith, the ^p will inuiiM, 
til) at the pole itself the needle will become perfectly vertical. JMakini 
now this pole recede, tlio dip will decrease till at the eqnatot it 
vanishes, tbo needle bccoiuing horizontal ; continuing the motion, and 
approaching the south pole, the south end uf the needle vs^iU be funnd 
to dip, increasing continually from the equator to the pole, when U 
becomes again vertical, but reversed as regards its vcrticality at tbo 
north pole." 

(571) But although a sphere thus arranged may bo made to eaiubit 
the phenomena of terrestrial magnutism without the aid of any msgocbft 
body, we have yet to leani how such a system of electrical currents CSO 
have existence in tlic earth, unless wo refer Uiom to the action of th* 
Bun on a metallic thermo-electric apparatus distributed over the earth. 
It would still, however, rcmniii tu be ebown wlmt tliis therm o-clccirio 
apparatus is, and whore and bow it is diirtributeiK 

Whether wo seek for a cause of terrestrial magnetifOB in elecirksl 
currents, induced on the earth's surfaoc, or whether wo ntot it to rang- 
netism induced on the ferruginous matter it contain*, or in its aim*- 
sphere, we are limitcU to tbe «S'm«, if not as a primary can%r, at U^kI %m 
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Ml agent, to 'wliich magnetic phenomena have a diatinct reference ; 
IbtUTo investigation must decide whether it acts by its heat, or by its 
light, or hy specific rays or influences of a magnetic nature. Harli^cci 
and Zantedeschi found that both natural and artificial magnets had 
their magnetism greatly increased by exposure to common aolor raya ; a 
result which could not arise fruni their /leaiin^ power, as an increase of 
tempc-ratttro invariably diniiiiiMics the power of magnets. 

(57«) It is an admitted fact that tlie aurora Oorea/is is a powerful 
aonroc of niagnetigni, and that the iout/i pole of the nec<lle has a distinct 
exioQ with it. Dr. Dalton, in a work published in 1793, has 

Tanced several ingenious h^-pothetical views, respecting tlie cause of 
the aurora, and its magnetic influence. Ho says, *^ the region of the 
fturora is one hundred and fifty inilea above the earth's surface. 
Immediately above the earth's surface is the region of the clouds, tlion 
the region of the meteors, called fulling stiire and fire-balls, and beyond 
this region is that of the aurora."* 

" We are under the necessity of considering the hfam$ of the aurora 
bortalU of a /cn'u</inoiut nature, because nothing else is known to bo 
magnetic ; and consequently that there exists in the liigher region (»f 
the atmosphere, an electric fluid partaking of the properties of iroti^ or 
rather of tnaffnctic iWel ; and that this fluid, doubtless from its magnetic 
property, assumca the form of cylindrical beams. 

*' With regard to tho exciting cause of the aurora, I bclicvo it will 
be found in change of temperature. Xothing is known to afiVct the 
magrtctism of steel : heat weakens and destroys it ; electricity does 
morv ; it sometimes changes the pole of one denomination to tliat of 
another, or inverts the magnetism. Ilenco we are obliged to havo 
recourse to one of these two agents, in accounting for the mutations 
above mentioned. As for bent, we should find it difficult, I believe, to 
assign a reason for such sudden and irregular productions of it in the 
higher regions of tho atmosphere, without introducing electricity as an 
agent in these productions ; but rather than make such a supposition, 
it would be more philosophical to suppose electricity to produce tho 
effect on magnetic matter immediately. The beams of tlie aurora being 
magnetic will have tht- ir magnetism weakened, destroyed, or inverted, 
pro Unipore, by the several shocks they receive during the aurora." 
In another place he says, " I conceive that a beam may have its mag- 
netism inverted, and exist so for a time, &c" Again, " As tho beams 
are swiniraing in a fluid of equal density with themselves, they are in 

* Dr. DmltoQ iut(1ac«« (n proof of the grctt height of th« turon Itt eztreni«ly 

attrrituitefl Il^lit. ivlilch, 1h> suy», may »prea<1 otlt onc-holf uf the hcmltplicrc, nnd 
not yieUl more light thati Uic full mfton : tliia, he tays, arise* fWim Uie extn-mo 
nreftictioo of the nir. 
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tho Mine predicament as a magnetic bar or nredle swunmtng in a imi 
of Uie Bome specific gravity with itself: but this last will only nai ia 
9qmiUrru>f when ia the dirvction of tlio dippiiv^ tuW/^t, oiviug to wbil 
is called the earth't ma^nHmn ; and aa the fanner also icsta in tiul 
position only, tho effects being similar, we mnst, by tlie mlea of philiv 
sophisiDg, ascribe them to the same cafcuse. Heiico then it foUowi, 

THAT THE AUHORA BOREALIS IS A MAOKETIC ^^E^0UEX02<, Airll 1T» 
DEAVS ABB GOrEHNED BT THE EARTH 's MAGNETI&M. I am a«VI 

that an objection may be stated to this ; if the beams be swimnung ia 
a fluid of equal density, it ^iU bo said they ought to be drawn dorwa 
by the action of tho carttrs magnetism. Upon this I may obnm^ 
that it is not ray business to show why this is not the case, beeanae I 
propose the magnetism of the beams as a thing demonstrable, and nol 
as a hypothesis. We are not to deny the cause of gravity, because »« 
cannot show how the eficct is produced. May not tlic difficulty be 
removed by supposing tho beams of U4» density than the siutouoiBbi 

fluid r 

Lastly, atthongli it has been clearly proved that a aoutw ^ 
magnetism docs exist in the atmosphere, yet it may bo asked if tba« ii 
any reason for believing that the magnetism in the atmosphora is atrogg 
enough to be coni^idered as the ow/y source of terrestrial magnetism, ll 
has been sliown by M. Arago, tliat the auronc wliich exist only at ijL 
Petersburg, in Siberia, and even in North America, actually disturb tbo 
magnetic needle at Paris ; and he considers it highly itrobablo that tbe 
atuone even round tlie south ])ole of our globe extend their inflaeooela 
Paris. Sufficient, however, has, I think^ been said, to show tliat man/ 
more enquiries arc wonting, before the question as to tho true cause or 
causes of terrestrial magnetism can be satisfactorily answered.* 



* Sec two pspere entitled " ContribuUoui to Tcrmtriol Hogaetlnn, 
CBted to ttifl Itoyol Society by Hijor Sabiitc, and rcjid Mari'li lUUi. ' r«b. 

mil, 1841. Set' alpo a full Recount of a very cxtcnaiTc scries of ol. .uvk 

at the mapictlc olrtcrvstoricsof Toirmto. Trcvandnim, St. Urlcnn, aoil tiir iMpf<^ 
Good Hope, (liiring^ a remarkable lonunetfc dlsturhancfl on the SAih aiid UfUa «f 
September, 1841, in the -Juth vol. of Uiv X^ and K. PUU Ma«. \W> a rqM^ at t 
remorkablu uiagncUc dialurbaitce which oc-currcd on the Sod and 4th of July lS4t, 
observed at thti Dublin Magnctlcal Ol>»erratory, and eammnniratrd to iht Pfc& 
Mag. Vol. xxi. by l>r. Lioyd. 
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ON ELECTROMAGNETISM. 

Dfc tW f tJj by Oersted — Mataal flctions and relative motions of magnets and wtrei 
eurytn^ currents of Electricity — Inducdoii of permanent magaetism on eteel 
mad temporary magnetism ou sofl iron — Ritchie's Rotating Alsgnet — Rotating 
eoU — Klcctro-mi^neta of Roberts, Radfunl uiid Joult* — KUvbie's obserrationa 
oa EtectTo-mngnets — Electro-magnetic Engiues: Davenport's, TayJoKs, Datid- 
aoo's, Jacobi'i, Talbot's. Whcatftone'H, Henley's and Bain's — Galvanomet«rs : 
Ironmongcre' hydrostatic gulvanometcr — Dr. Locke's Thermtiseoptc galvouome- 
tcr — Electro-magnetic tetegmplia : Alexander's, Morse's, Dnv7's, Wbeatstone 
and Cooke's nredle telegraph ; their improved Electro- magnet telegraph ; their 
printing tclegmpb — Methods of inanlating the wires — Bain's Experiments; 
hia Electro -magnetic printing telegraph; his other applications of Electro- 
magnetism; his Electromagnetic clocks— The Rer* Mr. Lockey's contact 
formers — ^Wboatstone's Electro-magnetic clock. 

(573) The disiur1>aiico produced in the magnetic needle by the aurora 
botealiB and li^Iitniii^, liud long suggested to philusophera that the 
Ji|^cie8 of EI<'ctricity and magnetidm must be connected by some 
eloae &od intimate relation. For nearly half n century the diacovery 
of this relation was a favourite subject of speculation ; and it is curions 
to compare the varioua opinions wliich were maintained by different 
expcrimcntalista. Magnetic properties were easily communicated to 

yan of steel, by passing strong electrical aliocks through them, but no 

general hiw could be traced a» governing the polarity thereby imparted. 
D'Abilard imagined, that he lind proved that the electric discharge im- 
parts a nortliom ]>olnrity, to that point of a steel bar at which it enters, 
Kiid a aontiieni polarity to that at which it makes its exit: and this 
qaite independently of the position of the needle, with respect to the 
iDBgnetic poles of the earth. Wilke. on the other hand, was etjually 
niti^tficd that an invariable connexion exists between the negative Elec- 
tricity, and the northern polarity. 

(57i) in one of the es^&ya (w)iioh received a prize) on the question 

iTOpowd by the electoral academy of Bavaria, in 1774, *^ Is there a 
real and physical analogy between electric atvd ma^c\AC ^ot<Kft\ «cA *>S. 
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such analogy exists, in what manner do these forces act on t!ie uimol 
body V Professor Van Swindt-n, of Francker, after a long and eLabo* 
rate discussion of the subject, arrived at tho conclusion, thai the Bini- 
larity between Electricity and Magnetism, amounts mcrrly to a 
ttpparertl resemblance, and duos nut constitute a true jibyaical analogj; 
whence he infers that these two powers are essontiaUy diflTerent soil 
distinct from each oilier. On the other hand, Prufeseors Stci^lclnur 
and Hubncr, uiatntaincd that both classes of phenomena are rcfitihlo 
to the same agent, varying only in conaeqnenoe of a diTcroty of ah 
cumstances. In this imscttled state, the subject remained till unno 
years after the discovery of galvanism, by which a frtah ticld of enquiry 
was opened^ and a meana of maintaining a largo and coutinnous curmt 
of Electricity obtained. The first approach to a solution of tlic i^QCfr- 
tion, was the publication of Ritter; he asserted, "that a ue«<l)<% cnm- 
pused uf silver and zinc, arrunged itself in the magnetic mendian, tiA 
was slightly attracted and rppcUed by the poles of a magnet :*' he tUo 
stated, " that by placing a gold coin in the Toltaic circuit, he b«lj 
succeeded in giving to it positive and negative electric poles ; and that 
the polarity so communicated, was retamed by the gold, after it h>i 
been in contact with other metals, and appeared therefore to partalM 
the nature of magnetism. A gold needle, under similar cxm 
acquired still more decided magnetic properties ;" and, *' that a 
wire, after being exposed to the voltaic current, took a direction, N. 
and S.E." 

(oTS) In consequence of tho vague and loose tuonncsr in whicH 
Ritter advancttl his speculations, but little notice was taken of th«Tn, 
and no satisfactury results were obtained, till the yeor 1819, wW 
Professor Oersted, of Copenhagen, made his famous discovery, wtucM 
forms the basis of tho science of elc^ctro-magneti)im. Tho fact otiaenJ 
by Derated was, that when a magnetic needle was brought near M 
connecting medium, (whether a nietallic wire, or cliarconl, or ««■ 
saline fluids, of a closed voltaic circle,) it was immediately deflodii 
from its natural position, and took up a new onc^ de])ending on IM 
relative positions of the nredle and wire. If the connecting mcvfiniJ 
was placed horizontally over tlie needle, that polo of tho Utter whicJ 
was nearest to the ne^/ativncnd of the battery, always moved *c<0ftfw^i 
if it was placed under^ the same pole moved to the e^m. U the cm 
nocting wire was placed parallel with tliu needle, that is, brought iokl 
the same horizontal plane in which the noodle was moving, tben m 
motion of the needle in that piano took place, but a teudrticv- wJ 
oxhihitod in it, to move in a vertical circle, the pule nearuitt tlie MiynM 
side of tho battery l>eing depressed when tho wirrj was to the 9e*4i J 
it, and elevated when it was placed uu tho ^a#(Mti s«d«^. Fig. SM 
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represenU a convetiiont arrangcraent for exhibitiug llio nctioD of a wire 

cunduotiug a current of 

EltMjtrieity on the magnetic 

needle, a a, two turned 

wooden pillars screwed into 

a baae board B, and sur- 

mouuied by two mercury 

cups c c. />, a copper 

wife, the ends of which dip 

into the mercuryf as do aUo 

the wires connected with 

ihe opposite extremities of 

■ ample voltaic battcrj'. A current of Electricity can thus bo made 

to pa99 in either direction alonp; the wire D : « is the magnetic necdlo 

oiccly poised on a wire, which by means of the screw G may bo elc- 

vmted or depressed, and the needle thus set either above or below the 

wire D, or it may bo removed and replaced by the dipping needle 6. 

As in all clcctro-niagnotic re^jcarchcs, it is necessary to bear in mind 

tiicsD affections of tlie needle and electrified wire ; several contrivances 

have been made to assist the memory respecting the details. Fig. 201 

rcprrscents the plan of Dr. Roget. A S is a slip of can), on each aide of 

irliich, a lino a hU drawn along tlio KiG. 201, 

tniddio of its length, the end a being 

marked -f , the eiid h — , and the centre 

c being crossed by an arrow, at right 

angles to it, directed as in the figure. 

Through the centre, and at riglit 

angles to the plane of the slip of 

card, there i^t made to pass, a slender 

Btcm of wood, at the two ends of 

which, are fixed in pliines, parallel to 

the alip of curd A JJ^ the circular 

dbca of card marked respectively 

with the letters N and S^ and with 

arrows parallel to, but pointing in a 

contrary direction to the one at c. The same marks must be put on 

the reverse of each of the three pieces of card, so that when held in 

different situations they may be seen without turning the instrument. 

(576) If the line a l^ bo sup])Osed to represent the connecting wire, 
(the direction of the current of Electricity being denoted by the signs 
-+- and — at tlie ends of the line) the arrow at the centre will point 
out the direction in which it tends to move, when under the iuflueuco 
of tho north polo of a mo^et, situated at N ; or of a south polu 
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OB die e^et lUe, m^S; aaJ vioe Tend tlie arrow AT ani ^ 
«2I twfcttf tke dmelkaM in wlucb IIm nonfa Mid sootli poW nspee- 
tm2|' tewb to i«t«1v« nod the caanectbig wire in its yvimXj, witb 
to Uk £raBluB of Ike cnncnt of Electricity, Uiot if |nwin| 
it. It maaA be il— iiml tlial tlie poles A\ S\ are nnl coiadend 
«tfth each otbee, or at iMimng i«rt» of oae itui|Bel; 
ooglf SDd qiDto iDdepeDdentljr «f cadi 
Tbe advaaftai^ of tfae iaatnmoBl rmmIb ta its beiw cuaUe 
g beU is aar otaatiaB, aad tiraa eaafly adapded io Ibe 
oC asT fact or eapmTaetit of vIndiL we iiiajr wbb to 




(577) A vaeM Up to Ike meBery hM abo been 

Let tW afaaarwcriffgaid UraselfaBthe ooadactor or 

md iaagiav a poaitiTe decCnc coneBt to p«a Crom kk kad 

a fat m a duaetioa panU to tJM aMgiiet ; tbcs its aortk 

ia feast af boa wil Bare to fena ngbi aUe, and Ha flootb pab te 

ft. Tba phfi m wbicb tbe n^pet mama m alira^nt paialU l» 

iHa M wbicb tbe obaBver aappeaea UbmV to be pbeed. U Ha 

aT biicbaBtbe bnrianwtal, tbe paaoe of the oagMl's motm «i 

bflt cf be Be «■ otber aide of tbe bariBootADy rfi^ff*^ 

Us tea bo^ tovaida it, tbe fAaoe of bk cfaeat wiU be ttfttol, 

id tbe aaigBet wSI ind to nwv in a totical plaoe. 

(57$) TbeatataribedacfiMtkmor tbe naptatie twdle defied 

<n tbe ^mmiity ^ BttUnaty V^V bIobS ^ ononee^ 

to do witb tbe imuim el tbai Blectrkitj, aarb 

it ■11^1.1 by aiiiMieg tba iBteuityor tbe ounHt; bneetbeem- 

fer tbe cxbtbitMa of tba lAeta of dedso- 
also, tbe icaaoD wby tbe fint aDqaifen «fpr 
Med k tbeh atleqto to cficit tbcM ciccla. 

(^7t) Ibal tbe wwidBCtMig wpa W cfobleof atttarting and tepdCi^ 
tbe pelei eC a OMgrnC, bbj be prcrtd hy Uie Mlowiog expertmea*:' 
itfiwd beiiaaaftally a ai^giKtie ■a wTIf, aad pbee it near tb« oonoecti*; 
wka of a doaod cirK btld ocrDM^r ^a^ »t n^t angka to is ; tft* 
poflitive euneal bcng soppoaed to flaw upwnda. Wbcn tbe win a 
exactly widway b e t a w tbe polea of tbe saadli^ bo eAaet wiQ bo ^ 
dated, bat oB mvfit^ il abovt batf - way to tbe nntb pole, it w ill U A' 
liactod: etill eoMliaBe to adtBBoe it, aad wbca ti na^M tbe eztniBd^ 
of tbe BATtb pole^ it wiD bev^albd. SbailBretfeelBaecavoo adveaof 
tbe wirv t>)waide tbe aoBtb paku If tbe canest of Ebetridty be na^ 
to liawwrf tba «ii«^ or if tba wife be idacad tm tbe eertw^i eiita nf U* 
Bf«d)^ tbe ouirant a aw B diag, e^oal bat oppenta elfeete wiQ be ob- 
tben, rfpttbiao will fint uke placv, and aflcrwuda attArtka. 
(10) From tb< vuBBer ita wteA ^ba n aa d bi k afiaeled, wbn fkmi 
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El to eitlier side of (ho electric current, it was inferred that a 
t of ma^ietinn is set iu motion at right Bn;;les to Iho latter. 
Thi« was teruied by Dr. Wollastoii txfrtiffinous mag^nctism ; and by 
llr. Datlow, tlie magnetic force was said to exert a Inttpential action. 

(.581) The figures 202 and 203, will ropri.>seut the dirwtion of the 
ciiculatiog current of magnetism. In Fig, 202, the connecting wiro is 



Fio. 202. 



Fig. 203. 





m 



|>)a<;cii rcrtically, and the electric currcut is descending throngli it from 
fi to n ; the arrows denote the direcLiun in which the nortli pole uf a 
magnet will have a tendency to move round it, i, o., from loft to right, 
or in the direction of the hands of a watch. Fig. 203 shows tlte 
motion impre^ded on the south pule by a similar current. When the 
iliiectioD of the Electricity is rovereed, the wire still prc8er\'iug its vertical 
position, the direction of the action is also reversed. 

(582) Iteosouing on these relative motions of the needle and electrified 
wire, Dr. Faraday conceived that the polo of a magnet ought to revolve 
ut the conductor, and the conductor about the* pole of a magnet, 
by the following ingenious apparatus he succeeded iu proving this 
to be the case. 

Into the centre of the lH)ttom of a cuj>, as io the vertical section, 
Fig. 201j a copper wire f, p, was inserted, a cy- 
lindrical mngtu't n, r, was attached by a thread to 
the copper wire, c^ and the cup was nearly filled 
with mercury, so that only the north polo uf the 
magiiot projected. A conductor, a, &, was then 
fiXfd iu the mercury, perjicndiculaily over c. On 
connecting the conducting wirca with the opposite 
ends of the battrry, a current was trausuiitt4:d {rom 
one wire, through the mercury to the other. If 
ili« positive curreat descended, the north pole of 
this magnet immediately began to rotate round the 
wire, tif 6y passing from east through the south to 
west, i. c., in the direction of the liands of a watch ; but if the current 
ascnuded, the line of rotaiuii wi^t revei*od. Coavcc^cly, ft wft^jjarfiV 
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Fio. 205 ''^^ ^^^^ >" a vessel of mercury, and thr candudiDg 
hung from a book above it, the end just dipping into 
fluid ; the electric current being then transmitted ibruogh 
the moveable conductor, Faraday found tlial the free ci- 
trcmity instantly began to revolve round the pole of ths 
magnet, in a direction similar to the last. A good eontii- 
vancc for exhibiting this, ia shown in Fig. 205. 

(583) In order to obviate the necessity of employingto 
much qnickailver, which, by the rceifitonoe which il oAn 
to the revolution of the magnet, greatly diminished 
velocity of tlie rotation, the apparatus tn Fig. 200, 
been devised by Mr. Watkins. It exhibits the contrary \uAm of two 
magnets rotating about two doctritied wires. Two flat bar mif- 
nets, doubly bent iu the middle., and having at the under part of llie 
bend agate cups fixed, by which they are aupj)ortwl u{>ou ujirigUt 
pointed wires, affixed in the basis of the apparatufl, and upon 
which they turn round as upon an axis. Above the agate ctips, on tha 
upper part of the bond, small cisterns to hold mercury are alao fonucd. 
Two circular troughs to contain mercury, are supported opOB 

a stage, Affixed to tba 
basis, having holes in their 
oontros, to allow the ma^ 
nets to pan tlmiugfa tbcm. 
A bent point«<d wii« m 
affixed into the "Hw oC 
each mnguet, tho cvids •! 
which dip into the IB»> 
cnry contained ia Iht 
troughs upon tho stagv; 
and through tho &idc« of 
the trough, wim ar» nai* 
aed, entering Into Um 
mercury contained in tfav 
trouglis, and bearuv ti. 
their enrla other cupt to 
hold mercury. To atcsUy 
tho motion of tho tnag;- 
nets, wire loopa tav affix- 
ed to them, wtiiL-fa em- 
brace the upright itcinM) 
wirus on which tho maf* 
nets rest. A hollow pillar ia firmly ailixcd to the stagv, in which a 
bent wire supporting another cji>w win ta bucrted, and is capabh* of 
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lieiAg raisod or lowered, and secured at any required height by a bind- 
ing screw. The two ends of the cross wire are beat downwarda and 
poiated, and made to enter the two smaU cisterns affixed upon the magnets. 
A third cup to contain mercury is also provided at the top of the cross 
wire, and a communication being made with the battery by means of unit- 
ing wires dipping into the mercury in the cups, tUc wire from the positive 
end of tbc battery being placed in the upper cup, and the wire from 
the negative end in each of the lower cups, the magnets will begin to 
rotate in opposite directions, and those directions may be reversed, by 
changing the situations of tlie uniting wires. Two batteries should 
htffo be employ&d, in order to make buth the magnets revolve with tlio 
desired velocity ; and attention must be paid, wlicn using two batteries, 
tliat the currents of Electricity flow in the same direction ; otherwise, 
tlie phenomena of the revolutions uf the magnets in contrary directions 
will not take place, but they will both revolve in the faame dirt'ction.* 

(58i) Tims it will bo seen that the direction of the rotation imj>arted 
by & fixed current to a moveable pole, will be the same as that which 
the same pole imparts to the same current. Su])- p^^^ 207. 

pose IT, Fig* 207, to represent a section of a con- 
ducting wire, along which a positive current ia 
dceccnding, and n the north pole of a magnet. 
The influence of w on » will be to impel it in the 
direction of tho arrow ; bat n will nlso rc-aci on 
«r, and tend to produce in it an opposite direction, 
as exhibited by the arrow attached to w. Each 
is supposed to deacribc a circle round the other, 
moving in tho same direction as the hands of a 
W4tch ; and If ur and m were at liberty equally to 
move, they would have a tendency to rotate round the line between 
them. 

(585) Ampere first succeeded in effecting the rotation of a magnet, 
round its own axis. In his original experiment, tlie magnot was 
allowed to float, without a support, in a vessel of mercury, being kept 
in a vertical position, by a weight of platinum attached to its lower end. 
Tho object was, to make the electrical current pass through one half of 
the magnet itself, and then to divert it from its course, and make it pass 
ftway in such a direction, as that it should not affect the other half. The 
roaaon uf this is evident : suppose a positive current be made to descend 
a magnet placed vertical, its north pole being uppermost, it would tend 
to urge that polo round from left to right ; but its influence on the south 
pole, would bo just the reverse, tending to urge it from right to left; or 
if two electrical currents be supposed, corresponding to the vitreous and 
* Popuhu Sketch of Clectro-Mut^etimi, by FrancU Watklxui. 
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(5S6) la Amp^'s 
npper lulf td the 

tllflMlffn l&^ AQ 

doai not SatcdeiB with 
opper polflL 

It IB, howBfvc, bitter to flury off Iha 
aaid tbk iactfe 



be tta HHK ; aod bnv it 

.tWkasa%S«or& 
win of * ToltMC launy, tlM el 
froB iifl poatiTe to tli» 

tiw ekctnc cvicnt, sftcr lia p ww i g 
■t, pMHi nio tko nacwj, ukI ^cia{ 
ao wibmIiIii d^pw fln tbo lem U<; vl 
rota^oa ptodaead lifilo inflwBGoao tiw 
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Fig. 208. 



ed hy Sir. Walkim. A la . 

ia a ^rrticd posbo«, bf >^B 

1 in the famb of tho appudm^ 

cmtn, oaataiaii^ in ^^'^f 



ded by adoptiag tke Cam of appantaa, 
208. It is Ibm cooitnicted hy Sir. 
Imt magnci is sapported 
vpf^gbi 1****' wiic^ aficed 
and hanng % bolo in its 

cop, io reociTe the lower pouiCed cod of tli« na^K*; 
iU upper end tonia in aaotbcr boief mad« in a Tcitial 
acrrw, with the milled head to Inm it by* which 
paawd (brongh a fcrew bole, made in an atcfa«d piotri 
wire, affixed to the upper part of tbe bona, 
the fint mentioned vertSeal wire, a cistoni to 
mercury U provided ; and another, liartng a hale ii 
centre, to alluw the ma^rnet to pa« throogli, and nerali^ 
withiu it, near the middle of the magnei. 
terns have metal wiros projecting into them, 
tlietr sided, to support cops which coatatn merrar}% 
effect the commuuicatioo with the voltAi<r battm'. bl 
means of uniting wires. luto the magnet^ two amaU bent atid 
wires arc affixed, the ends of which dip ijito the mcrcuy^ ouotaioed 'a 
tUe cistcnif. When the voltaic circuit is complete, the ma^pnet bcgiin 
to rotate wiiliiu the Eloctiicity, which it conductti itsell^ aa it in Gul 
forms part of the circuit ; the rapidity of the revolutions of tiie niagnet| 
depanding upon the delicacy of tlie snittaining point, the etreuf 
magnet, and tlic power of the battery employed. If it be 
actuate a large mngnet, it is necessary an addition to tbe apfiaxstui 
should he made, by providing a cup, afitxini lo the vnrttiai screw, t« 
contain incrcury, hy which contrivance, and hy employing an iwltlitioiial 
hnttory, a current of Elpctridty can be passed from the top of tJie 
net t<) it« equator; and, as in the fir«t mcDtioned case, an oppoaste 
rent con be pavsed from \U lower end to the equator, ao adiBi 
force is obtained. The current from the second battery uiujt of coil 
be rtrnt along the upper bnlf of the magnet, in a dirrctiuo contrary ti 
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lliat which pnsacs tlirouglj the lower pole ; but sinco the rotatory force 
is proportional to the power of tlie voltaic battery employed, it is pro- 
bable that the second bfittcry would be equally efficacious, if it were 
employed iu incrciising the strength of tlio first, by being joinc<l to it. 
The ends of the wires should be am alga mated, by rubbing them first 
with nitrate of mercury, and then dipping tbcni into the clean metal. 

(587) Fig. 209 represents an apparatus to exhibit the rotation of a 
conducting body round its own axis, and is ejtactly Iho converao of the 
IjMi ex|)eriinent. In the former case, the electric Fio. 209. 
current wau applied in tho interior of the magnet, 
but here means have been devised for procuring the 
action of tlie magnet, from the interior of the con- 
ducting body. In the place of tho wire, therefore, a 
hollow metallic cylinder is employed, in tho axis of 
which, tho influencing magnet can be placed. Mr. 
Barlow devised thia instrument, and the figure shows 
tlie nrraogcmcnt on a horse-shoe majpiet, by Air. 
Watkins. A horse-shoo magnet is supported vorti- 
cally npon a stand, having holci) formed in the cen- 
tres of its ends. Two wooden circular troughs arc 
secured by binding screws upon the arms of tho magnet, to contain 
mercury. Into the holc^ in the centres uf tlic cuds of the magiiet, two 
conical painted wires are inserted, which arc affixed in the middle of 
two hemispherical cups, united to cylinders, the rims of which are 
formed into points, which are dipped into tlie mercury, contained in 
the circular troughs. Upon the top of eauh liemispherc, is placed a 
small platinum cup, to contain mercury. Oilier cups for holding mor- 
cnry, are supported on the externa] ends of bent wirus, which pass 
through thu sides of the circular troughs, into the mercury, contained 
therein. When a stream of voltaic Electricity is passed through this 
apparatus, by means of connecting wires, placed in the mercury, con- 
tained in tlie upper and lower cnp, tlie cylinders commence revolving 
in opposite directions, that cylinder on the north pole, and down which 
the current is descending, moving of course from left to right; but if 
tho two upper cups be united by a wire, and tlie lower cups connected 
with the positive and negative extrGmitics of tho voltaic battery, the 
■unc stream will traverse both sides of the apparatus, passing upwards 

one cybbder, and downwards in the otlicr; and the rotations will 
tw, from the contrary influences of tho two poles, bo in the same 
:tion in both cylinder?. 

(588) Dr. Faraday has shown, that the rceults in this last experi- 
ment, are tb« same when tho magnet and conductor are united toge- 
ther ; for, on iixing n thin piece uf wood on tho upper end of a magnet. 




hf iii iaflaMot oti lb« f«li 
(fceanfiMv; bviif llw «*■» 
g tfas mkni. n wiH iUeU W 
of A> MgM»wU(k& 
vpQB it W1U pro- 
win, oC eovoB, b«auiw4 ilocc 
wiih tbo flvtttim of a as- 
htiag ki ti«e oaOiv ; •ad it 
oi tbo ma gaet and <oa- 
ia tberoRills. 
hj Urn last expenoMnt, wbiek 
of tke coodiictor Ukei pUca 
the ckeCnoB 4mim4 h unHBa over a cottBulesxMi tat- 
fue, M w^oi it is nam ■mini id a nfcle wire ; in Uw c^Uadet, eroy 
of whidb k is MMip oa u J nay be soppoaod to opodact ill 
oC tW finaly aad tinii contribute towanls the ganetal effect. 
(590) A nagaetk aeedle, is lond to bo laflaBMed by the nunail 
Klectrintjr tJnft ia paanng tkroogfa tlie Toltaic battrxy, from its 
to ila wyiffty pole^ aa wcfl aa by tbe wire th:it cotniUctca the axtaSi 
or, in oth« wordf, ercry part of tbe circuit exhibits tbo sanic clcMrtn 
ntagnettc properties ; and, as action always tmpUcs an c<f uai and 
Fig. 210. reaponduig re-action, tbe magnet m^ybcffup; 

to }i.ivo a teudeucy to moTO tbe battery, oi|tial 
Uiat whicli the baltery boa to move it. THii< 
tondoncy was first airtoally exhibited, by a Twy 
ingenious contrivance of Amji^re, atid which Mr. 
^^'utkin8 has nppUod to rach of the p<Jc« of 
horw-ehoe mogttct, aa abnwn in Fig. SIO. 
eoiieists of a liorbc-sliuo mapnct, finnly find to 
at-indf at ibt bout part; its two cnda bflbi|» 
rouud, at)d having a ftttiall hold in tbo cnntio of 
each, at the bottom of which hole, an Bf^to 
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Is placed, and in which pointed wiroa fixed to the parts prcflcntly to Ik> 
describetl aro made to revolve. A duublo cylindrical copper vesael, 
hftrtu^ a bent metal wire, fixed to the top of ita innermost cylinder, 
with tt vertical wire [Kiinted at bolli ends, fixed in tho middle of that 
beat wire, is hung upon the upper end of each polo of the magnet, the 
lower points of the vertical wire^ of each vessel, entering the holes, 
formed as above described, in the magnet for that purpose. Two hol- 
low cylindens of zinc, each furnished with similar bent wires, having 
boles modo in the under sides of each, arc tlicn placed within the 
doable copper vessels ; the holes in the bent wires, being hung upon 
the uppermost pointed ends of the vertical wires, before mentioned. 
Dilat«d acid being then poured into tho apace between the copper 
cylinders, the voltaic action commences, and presents the phenomena of 
the whole of the four cylinders revolving upon their axes, the copper 
Tessels revolving in opposite and contrary directions, and the zinc 
cylinders turning in oppoaitc directions to them ; tho rapidity of their 
fCTolntions de|>cnding npon the strength of the acid, and the delicacy 
of their suspension.* 

(591) Numerous amusing experiments have been devised for ex- 
hibiting tho vibratory tendencies of electrified wires, when under the 
influence of mfignets. Fig. 211 represents Flo. 211. 

on arrangement of Mr. Marsh. Tt consists 
f>f a slender wire, suspended from a loop, 
and capable of free motion ; its lower end is 
BmalgamatcHl, and dips into a small cistern 
of mercury ; the cups a and b^ are filled 
also witli Diorcury, and tlirough them the 
electrical current is passed down the loose 
wire ; no motion of this wire is perceptible, 
until a home-shoe magnet is placed in a 
horizontal position, on tho basis, with its 
poles enclo^ing the wire, when it is insLmtly 

urged either forwards towarda c, or backwanls towards d^ according to 
the position of the pules, and llic direction of the current. In either 
case it is thrown out of tlit* mercury, and the circuit being thus hroVcn, 
the effect ceases, until the wirb falls back again, by its own weight, 
into the mercury ; when llie current being re-CHUiblishod, the same in- 
fluence is again exerted, the phenomenon is repeated, and the wito ex- 
hibits A quick succession of vibratory motions. 

(dd2) This vibratory motion is easily converted into one of rotation, 

• TTie fine cylinders revolve with grriit rapidity, hot from Ihe »ai>crior weight 
Of llu! copiKT e>Iinderff, wh(.ii (llldl with tlic eliciting Hquor, it !• rorvly that the 
roUlory li^dOBCy can be exhibited in them. 
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by employing; a spnr whed, u in Fig. 212. Tlie radii of iHo »b«d 
Fia. 212. ma.-^t l>c so omngiHi tiiAt cftcl) ray ibkU 

touch the snr&oe of the mercury, W 
fore the preceding ray Bb.ill hare ijaiUed 
it. The direction of the motion d^ 
pcnds of ootuae on the saino aFconi- 
stances, as were before nientioned. 

This forms a very brilliiuit expoi* 
meat, when a powerful battery uA 
a strong magnet are employed. Tbc 
wheel revolves with iinracnse Telocity, 
and streams of sparks of a gr««n oolmiri 
arising from the combustion of the copper points of tho radii ol As 
wlieel, arc throwTi sometimes over the cups of the insirnmcnt. 

Mr. Sturgeon found that tlie division of the wheel into rays wa»B(*t 
necessary, aud that if a circular metallic disc be substituted for the •pur 
wheel, as shown in Fig. 213, it will revolve equally well. In tQ 
Fio. 213. these experiments it is impoitant 

that the ends of the ivires anil 
surface of the mrtals, wlueh 
touch the mercury^ should be 
well amalgamated, In otda to 
ensure perfect contact. 

By altering tho filreotioa tA 
the electrical current all Ibe «i« 
^z^bratiiiiis aud rotations thai bm 
l»ecn just described arc rvffffrW? 
this alteration may be efftHitod very readily by means of the little ap- 
paratus shown in Fig. 21 -I, whicli was the contrivance of Magnfii^ 
Fio. 214. A ^ is a block of wood on wbtchii 

fixed the two brass bands B B^ CC^ 
terminated at their extreniiticia bf 
square blocks of brass witli biiidta| 
screws and cup shaped boles. £} D, 
two tint pieces of bran oonfiedoi 
and insulated by the glaaa rod M* 
These are the break pioo««^ and mot* 
on joints at F I>\ wb«o tbey an 
connected by the wirrs H A* with 
the b&ttory. Tbo otlicr bindiof 
screws at tho tonnination cf Ika 
bftodfl serve to connect tbc arrangement tluough wbiob tlw 
imio pasa. 
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(Stitt) Wc h^\e now seen abundant instaiioce of tbo mutual action 
of electrical currents and magnets un each other, and referring to the 
first experiment of Oersted, it will l>e remembered, that a positive 
cumnt, passing horizontally over the needle, from north to south, has 
a tendency to cause the uoith pole to move to the east ; conscc^nentl/, 
if another current be made to poAs under the wire, from south to north, 
tlio noedlo will bo aftectLnl witb twice the force that a single wiro 
would have exerted ; or, what is tho Hume thing, a continuous wiro 
may be bent back on itself, aa in Fig. 215, and this constitutes tlio 
Btmplu^t form of the galvonomcter. Fia. 215. 

Tl»c current, passing in opposite 
directions, above and below the 
needle, will conspire, in both 
cases, to deflect it from its natural 
po«iition, and in the same direc- 
tion, and to bring it into a posi- 
tion nearer to right angles to the 
I plane of the wires. 
I ('3'''^) If instead of a rectangle, the wire be supposed to be bent 
I into a circular form, the polo of a magnetic needle, placed in the centre, 
Lmt in a lino passing through tho centre, would be impelled in one uni- 
^^pwm direction, by tho electric cnrrent, transmitted tlirough the wire, 
and could the current move in a perfect circle, from rigl)t to left, tho 
north pole of a magnet, ptacod in the centre, would move to the right, 
and the south pole to tho left. If tho north pole of a magnet, there- 
fore^, were presented to the right hand eidc of this circular current, it 
would tend to move away from it, having the appearance of being 
repelled ; just the coutrary would happen, if the south pole of a mag- 
net were presented on tho same side, that is, thero would be the 
appearance of a mutual attraction between them. But when oitlier of 
these poles is presented on the other side of the plane of the circular 
current, effects of an opposite kind arc produced ; the north pole ap- 
pears to bo attracted, and tho south polo tn be repelled. 




(505) Now, since a ainiilar and reciprocal action 
takes placo between tho magnetic pole and the elec- 
tric current, the latter, together with the wire that 
conveys it, will, if at hberty to move, recede from 
the north pole, or appear to Imj repelled by it, or 
advance towards the south polo, and appear to be 
attracted by it. Fig. 216 represents the very in- 
genious apparatus invented by M. Ou la Hive, for 
exhibiting this reciprocal action. It consists of a 
glass cylindrical veaMl, having a oork float attached. 
to its upj*er eml. luto this vcsaol is Inserted aanvaW 
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pUte of sine Bsmttnded b^ a copper pible, the xme pUu Um^ It 
Uied npoa Hs edgs. A copper vire aftxed by- fvldcrixig i" l-'lt> ^^ 
k made ibIo the fona off « ciog, uniiMrting mI retcnd mr^ U i 
wfaidi«1»flMiM iBSBlftlcd,brbeiogwn{i|MdioaBd Willi alklkK^ 
pocuiog dOnted acid into tbe gla» rrfl, md ptiring tW 
TolUic Miioo commenGea, and u gnm ifenled b^ pWin g the 
in wBter, when the coil wil) hare m teadenc^- to Cake m 
pbae of tba m^netic mendiaii, wad wS rrhfliit aU ibc 
attndxTe and npoIsTe timdenctes wluch bavo been fVwriha 
when a strong bar magnet b brought near it oo eitbcr ado* 
be sttffioeoUy slooder to pav throogb tbe Bii|i;, tkt 
pheBoraenoc will be observed : — U tbe pole be 
on the sdc where attraction takes place;, the ring wiQ moTe lowvdill 
^tiU it airiTee at tbe pok| and then proceed onwards m tbo aaHM 
bemg beld in the axis of Uie riug, till It rea«liee tbe 
tbe magaet, bat there it seems incluied to stop ; and lbm» aAtra 
ownnatieoa, it settles as in a po«>ition of ef^niUbrinm ; for, if pw* 
displaced, by briof^g it forwards tov^urda tbv olber pole, it 
with a force which s^ows that it is repelled Cram tkaA Otber 
Let tho magnet now be withdra>m, and tiiTnirki; it half roaad, m 
ifta poles arc in directions the reverse of what tfae^* were at fta< 
holding the ring in one liaiid, let the magDet bo again iatiodaovl 
it with the other band, until it is half way through. Under thrnr 
cimunstanccs, it is just possible that it may have been btvn^' 

a situation as that the ring may again be in equiSbriuD, vwu^cr- 
in what direction to more ; but tlie sligbtcet obaage in tbti pM^ 
causes it to move with an accelcmted velocity towards that pelt 
'"which is nearest to it ; and getting entirely clear of the magnet, it is 
projected to a connderaMe distance from it. At Unigtli, however, it 
■lopa, and, gradnally turning round, preeeatfl the opposite &ee to the 
magnet ; attraction now takes place, and the nog retoms to the ma|;iHl 
with a force equal to that with which it had before Ard from h : aai 
paerag agiun over its pole, finally rests in its position of eqmlibnam, 
Mmrding the middle or what may be t<friued the c(]iiator of the 8n{p- 
net. In the former {tositioa it was equally attracted by the two poUi 
of the magnet, in the latter it is equally r(.<pc)lc<l ; and aceordiflgly, iha 
Flo. 217. Hrst was an unstAble and the hist a stAble cquiEbrium. 
know of no experiment belter caJculntcfl to ©xhihtt 
cUsi in a Urcturc-nxjm tbe mutual aS'rctionit of a 
and an electrified wire titan this : the mtttifina of the 
ing coil an lesa tmpoded by lurttiiig it aBiai in n xmall ihte" 
vamiabed woodeo diah u aliowu in Kit'. 217. wUn^ 
♦ Rngei. 



ic p^r is represented as being placed in a horizontal position in n 
kittle bowl ; the whole is then set afloat in a large basin or trouph of 
>rat«r, and on pouring a tittle dilute sulphuric acid into the buwl tho 
ni will he found to be sarprisingly eensiblo to the influence of a ruag- 

and will be attracted or repelled at tlie distance of Bovcrul inclics. 
(50*T) The directive tendency of an olectrified wire, Fio, 218- 
vy abo be strikingly exhibited, by bonding it into tho 
of a spiral, and cither connecting it with the float- 
ing galvanic arrangement, or suspending it delicately 
by a hook, as in Fig. 218, and passing the voltaic 
ctirrent through it, the plane of the spiral will be found 
to place itself east and wpsit, the positive current ascend- 
ing on tho west side, and descending on the cast ; tnVing 
the same course as the hands of a watcb, when it is held 
on edge, with tho plane of the dial lying east and west, 
facing south. That side of tho spiral which is towards 
the north, acts as the north pole ; and the souLh side 
has an opposite polarity. £^ac/i tiUo potcerfnllj/ attracts iron 
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(597) But a still closer imita- 
tion of a magnet is obtained by 
making a voltaic conductor into 
Uie form of a helix, as in Fig. 219, 
which was done by Arago, at the 
ea^gcstioD of Ampere. A necdlo 
placed in the axis of this helix, 

becomes fully magnctise<l in an instant; for in this arrangement, the 
cnrrent nearly in every part of its course, U at right angles to tho 
needle, and as each coil adds tU effect to that of the others, the united 
action of the helix is very powerful. 

(598) The polarity given to tlie needle depends on two circum- 
stances, first, the direction of the current with reference to the axis 
of the helix ; and, secondly, the direction in which the helix is turned, 
which may be either in the form of a right handed screw, the turns 
proceeding downwards from right to left, or, of a left handed screw, the 
turns proceeding in a contrary direction. And if the current be de- 
Mending on the side next to the spectator in the horizontal helix, (Fig. 

t)0,) Che nurth pule of a magnet in the axis will be deteniiined to tho 
right, and the sttulh pole to llio left, and this tendency will lie gi\en in 
tho right handed ht-lix, if ihe current he tranhuiittcd through it from left 
to right, but ill the left handed helix from right to left. If a ghuis tube bo 
thus surrounded by a ciiil of wire, and traversed by tho electric cnrrent, 
it» action on a small mugnetised needle will bo »o powerful, that when 
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placed wUhin it, it will actoaUy sUrt up and mnain BospfsM 1b 1W 
air, in opposition to the force of gr«Ttty ; and ibis will ■nn^a^Hrw^ bb 
place even in a vertical posttioD of the helix.* 

(590) Thus then, a helineal conductor i- -ardud aa a wyt, 

aa long M the electric current is pacing i ■_ ,. . .;; and ii was folf 
dtimoncrtrated b^ Ampere, eoon after the diacuwry of Oonted, IkA 
exactly what would be anticipated fr^m the magnetic ioflucoee ll 
conductors, takes place, for two Toltaio conductors, or two purtk^ rf 
the same conductor attract each other when the carrente have the tarn 
direction, and are mutually repal9iv«f wlteo txaTcned by oppoeite c«* 
rents. Thus in the two parallel poatiro currents A H, and C D, 11^ 

220, which flu w in the ^ 

directioM, the contiguinis iida 

•ff» aflcctcfd witli ail tf|ipisi^ 

pQlaniy, unc heing southf ta4 

ik0 other noKh ; wfaerau, b 

the two oontrary cuntarta, R 

F. aad O 11, Fic. 221. IW 

ad^Meiit sidca harv tiiQ mv 

pnbrity, and thcrelore i^ 

mek other. Siiiukily, wlai 

tw» canvnta tsmm cttch tAkm^ 

» A B, C D, Fig, 222, U m 

that at two of thii ftiv 

A D. and ir ]{, main 

ee»r- ^^hiWit 

r ooHi • .'-lit pdis 

r. Benof the wins tf»l 

vmmd K, aad ^km 

lanaM to ^mm* 

m that boUi mayltir 
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^9m) If iMtoid of a Mi 

tt, «hr aja» uf ahvlix tt will 

^ b «» -tafy as leng as Um i< 

^; Its BdHMM that the est* 

fvf thft Uae dfaa^pMua^ aad Uii* the mam 

•^ !«. r.rfi|iMrUrM ta tUi irt4i M aAv aaii fipccr Crocn aai4«. 

.nd beanUfut pleee of a^nta^^ «m eootrivnl by tbt 

in, itiUfM- firf flliistratlripf iliB DMioetaott eCv^Mtiam on «lk 



Inm. It U aliown in Fig. 220^ wlieni » bar nf iron ia rcprc9ente<l 
ttoveted with a helix of insulfttdl copper wiro and mounted horiKuii tally 
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on « ^tre the extrecnity of which ia finely 
pokktcd, BO as to alluw the bar to rotate 
bm^y. Tho two ends of the hchx are bent 
downwards so as just to dip into a small 
cluu^Qel of mercury divided into two parts 
\ff a diftphmgiii of wood, one end of the 
wire 'lips into oaelj division of the trougli 
mid a sufficient quantity of mercury is ponied into the trough to fill it, 
wilhout however allowing the two portions to become united; tho 
mercury iu each divibion will be found to rise a little above the level of 
tbo partition by capillary rcpuUiou. It will thus be iuuncdiatcly seen 
tluit oD connecting tho two cells of mercury with tho two plates of a 
battery the current must pass tlirough tho helix t-ncloaing the iron bar 
before the circuit can be completed and that tlie iron will conse- 
fttently become for tho time magnetic. Now Biippose each end of the 
iron bar to ho opposed to tlio pole of a powerful steel bar magnet, an 
opposite pole on each »ide, and suppose the connexions wnth the battery 
to Ik? made so that tho nortli polo of tho iron bar is formed opposite to 
tho nortli pole of tlie steel bar, then as a necessary Fij. 224, 

ooOMqucnce, the opposite end of the iron bar will 
be A touth polo and will be opposed to the south 
pole of the steel bar; rcpuUiou will accordingly 
take place on each side and tho iron bar will move 
tlirough half a revolution. Here the wires of the 
helix surrounding it pass over the wooden par- 
tition and dipping into the opposite cells of mer- 
cury, tho polarity of the bar becomes reversed and 
■o on, the bar soon revolving with great rapidity 
in consequence of ita polarity being reverseil twice 
during each revolution. Sometimes the bar is 
arranged to rotate vertically as shown in Fig. 224. 

(QOI) In all tlu»e pieces of apparatus the cinployment of mercury 
is ewentiol. Messrs. Knight have, Imwevor, devised a motluHl uf 
arranging the rotating magnet whereby the \xno of tlic fluid metal is 
dispeneed with. A round plate of brass is divided by two small slripos 
of ivory and U»e wires of tho helix are termi- Fio. 225. 

natisl bv two small metallic rollers which thus 
paw va^jtly over tho brass surface, contact being 
brukirii at the proper pbcc by tbo ivory strips. 
Y'lrr, 22^ cThitiits this useful modification of 
Ritchie's rotating magnet. 
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m mhath «ate H » wvU 
wirea, Ikdieoi, ace ^ j1 tt 



sad «»|)ttU« of faoBf 
•i raT- K<qttin4 baght 
£r A* w twT} 
^ F two iKlioas /Tj 
8 ffDtotiiif natgiMl; as 

^mB ct^ to eotttaia « dnp n| 
<r is a p«eoe of bn« 
It oach Old by ■ &m 
koaWiMed ordcfimMd 
of tfae ftppaniaa u i 



u act ID aesMW in UiU appantai • 

a kod msffcal aovad is rrctie*! b^ tWj 

ly t^ fis«d laairnei duriag Uw ofti 

TUb nniiad MMmd ia beat ub^ndj 

flbr tripod aa»plMcdo«i a malKif^y ttUi 

Fov tbe deetto-nmgiift iTa sifflt<ii| 

ika rotelwMi of wliicii will Im exoe^j 

attneM and ropeOnl by tl»| 

f»f Flcctricity,* vol 3, p. 4S6, wffll 
of aa n^BMMu ajkpafaloa fnr aU. 
ia oppfwitie dSreeikinf of tlir pemfr- 
71m eorrmt from the nitae 
of gong iBsKftfikf la Iht uemir^- 6cii>i in coanaslia 
wiib the deetm-nagBBft^ ia nada to MUr twi> coocmUic ln>U|;bi pb- 
l^tti^ iBUtat y pbeed immediately oader Uw funncr, eommutuatira 
Ibe vpfMf and lower c^ beta; eaUbUshod by mcaa* rf 
; Uw daetro aod pennaaial magael may tbua ba placnj m om 
nal tbe Conaer bring pat in B)Oti<nci h vnu foud timt Uir ]wr> 
famacdiatdy oommcDoed xototing m an eppnalii- tbnr- 
riM, Una iaatnanvit waa ibo coatnT%oc« of Jlr. C. VT. CoUinc* 

(0Oi).£I>c<r>»-Jf<9ya^''- — Ino^^M■lop^-' ' ,*^ 

r^D-tim;i^*« bdoction on mh iron, the cti; ; hi 

lop€ it by passing throoj^b a coaaio i^ I 

nuvn-octndrvandUuiiroo; batauicaa;(nuii<u^iHft vtirr ixnuaJ ' 
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ilinunuili ilie influence of the oiirrent, ae baa Fia. 227> 

m proved by Cumnilnrr, Barlow, aud Ritchie, 

.isbt'ttcrthat the total length of wiro intended 

used, should he cut into several portionS| 

of which, covered wltli silk or cotton tlirradf 

rent lateral communication, is to be coiled 

iUAy on the iron. Tlio ends of all tlio wires 

then be collected into two separate parcels, 

lade to communicate witli the same voltaic 

ry, taking care tliat the current bhall pass 

long each wire in the same direction. Fig. 

\7 tix\i'\h\to a simple arrangement of the elco- 

niagnet mounted on a wooden stand with ft 

laM «ca!e pan attached to the bitt or keeper, 

105) The roaguetic {>ower thus induced on tlic iron is immense. 

[Author lias for some years been in the hubit of exhibiting at lectures 

Iro-magnet, constructed on tlie above principle, of an horse slioe 

I, which when excited by an energetic compound battery, sustains 

10 to 14 cwt. A inuth greater lifting power has however, been 

with other varieties of the clectro-mngnet. There are threo 

rent arrangements described iu the Oih volume of Sturgeon's " An- 

/* which particxilarly deserve to be mentioned. The first is the contri- 

of Mr. Richard Roberts; its peculiarity consists in the great 

it of the area of the face, on the surface of which, a series of grooves 

Formed^ into which the conducting wire is coiled. The magnet is 

ftiid T-lCths inches thick, and 6 and 5-8ths inches square, on its face 

which arc planed (at equal distances from each other, ncruss its 

ice) four grooves, one and a quarter inch dw-p, and nearly threc- 

Ihs uf an inch broad. Into these grooves was coiled, three-fold deep, 

idle of lliirty-si.x copper wires, (No. 18,) wrapped with cotton tape, 

rvent contact with the iron^ the wires having no lusulation from 

h other. The magnet, with the conducting wiie, weighed 35 lbs. 

L'bg armature was I J inch Uiick, and the same size as the magnet on 

; its weight was 23 lbs. The upper side of the iron, wliich 

itntod the magnet, was formed into an eye or buw, by which the 

WAS siuponded ; and a similar bow was formed on the back of 

rmuturc, to which tlie weight scale was attached. This electro-niag- 

when excited by a battery uf eight pair of Sturgeon's cast-iron jars, 

t6) is reported to have sustained the enormous weight of 2050 Ihfi.* 

whiclk is nearly double the weight which the author's large magnet, the 

;ht of which ib about 112 lbs. will suetaiu with any battery th^t 

rbeen tried. 

top) The second clcctro-magnct mentioned in Sturgeon's " Aunal»,* t 
• 8turgwn'» " Ann»l«/' vol. tL p. 108. t Vol. vi. pti^t 2^1. 
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ia tliat of Mr. Jose|>b Radfoitl. Its peculiftritic* coostst m Uie outtT»»i 
luU-U figure uf its face, and in the unusaal arrangemnit u( iti pi■^' 
both uf which arc on tlic snmc convohitctl strip of iroo, ont puld 
pying the wholu length on une edge, and the other tlio 'vrbolo kcRgtli tij 
the oppubitc edge. Its diameter is 9 inches, and it weiglts, wiUi 
copper coil, eigliteen pounila four ounces. The keeper, or 
weighs 14 lbs. 4-J oz. Tlie deptli of the cnnrolatcd groOnr ur' 
recess, is J of an inch, and \ of an inch wide. The width ur Um^, 
of the metal bet>^-een tho grooves is J an inch : tbe tbicknoas of 
magnet \^ one inch, at tlio outside edge, and ahout | in the 
Wlien excited by a bftLlery of twelve of Sturgeon's jars, tliia doetr^l 
magnet is stated to have sustained S500 lbs. avoirdupois ; H i^ 
fore, in proportion tu its weight, much more poworful thou Mr. U«fc«Tte1 
ningnet. 

(6*07) Tlie third electro-magnet alUided to, is thot of Mr. J. P- 
Joulo, and is shown lu Fig. 228. B By are two Hugs of braoa, «M^l3 
FiQ. 228. iuches in exterior diamvtcr, two iodiea m 

and one inch in thickness ; to each of thoM, pieeM 
of iron are atBxed, by means of tlic Udt heaM 
^screws, § «, Aec. : 2I> of these aro yroottd^ mJi^ 
fastened to the upper ring; 21 arc f4ain 
affixed to the lower ring, A bundle W If, consisting of iRXl 
cupper wires, (each of which was l(i feet long, oud orKKtwaKMiiil 
on inch thick), covered witli a double fold of thick cott<m ti^«^ wtt 
bent in a txg-TAg direction about the grooved pieces. Fig. Itt 
Fia 229, represents the method ad<»pte»l for giving the ulrctrv 

magnetic ring a tirni and e(^uable suspcnaon : a; a, 
arc hi>op9 of wrought iron, to each of wlaich fbv 
bars of the same metal are ri%'etcd and wchloi It*- 
gether at tho other end into a very strong boul. 
The hoops aro bound down to tho braoa ring* tiy, 
means of copper wires. Tho weight of ihr pi««i 
grooved iiou was 7'025 lbs., and that uf Uie jilliRJ 
pieces 4*55 lbs; and when excited hf 16 
the ca.'^i-irori battery, arranged into % aerioi *4 fan;| 
a weight uf 2,710 Iba. wti^ sosponded frum Obi 
armature, witliout separating it from Ibt ^ndao-\ 
magnet; and Mr. Joule thinks, thai by tl» «■< 
Bome precautions, which have occnrriul to liiin rineo makfa^ Ui 
experimentss the actual power will bo v(*ry considerably angiucAltfL 

(GOS) U has been mentioned tlmt when vm- 9«>fl iron i-^ — — '"^^ W 
tho construction of the doctro-magnot, its mngnetixni n«ir tfsj 

when tho voltaic curwnal ccwRa \<» *fcw« Vbrtw^>k»WU3t «ami«iiifitf 
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It was, however, disscoverod, by the late Dr. Ritclne, tlmt there 
other circumstances which mudify the retaining power; the moet 
Winarkablc of whicU is the Umt/t/i of the maffnttk circuit. When the 
— umgueC 18 very short, and the pules near each other, the retaining 
I is exceedingly uniall ; — when the nmgnet m very long, the retain- 
ing power U very great, tlie reason of which appeared to Dr. Tlitchie to 
be thia :* — tlie molecules of the electric fluid acting ou each other with 
tbc same furcc, will obviously return to their natural position most 
rapidly, when the leiiglii of the circuit through which the action takee 
place, 19 diminished. If it he diminished till the coercitire force of the iron 
he ovcrbiilaticed by the tendency of the molecules to return to their natural 
VtAte uf equilibriulu, from which they have been forced by the action of 
ibe tiunducting \viro, tlie eloctro-magnet will lose all its retaining power. 
(009) Another singular fact, discovered by Dr. Ritchie was — that a 
't electro-magnet, though its lifting power be very considerable, ia 
Lpahle of inducing permaneut magnetism on an unmagnetixcd horse- 
|oe of tempered steel; while an eloctro-raagnct of four feet in length, 
ougli of no greater lifting power than the small onc^ is capable of 
lucing a very considerable permanent eifuct. It was likewise found. 
Dr. Ritchie, that u bar electro- magnet, four feet long, whicli scarcely 
ined any power when its connexion with the battery was broken, 
being rt'Cofinected with it, in the tame direction as before, was 
ndltf convorleil into a powerful magnet ; but after being removed, 
its wires now connected with the opposite poles, it required a long 
tune to convert it into a magnet of much inferior power, as if the atome 
uf Electricity, having been firet put in motion in one direction, ore 
afterwards more easily turned in that diructiuu than in the contrary. 

(610) EUctra-Ma^i^ic JSnt^iiiWm — One of the first enquiries that 
the discovery of this wonderful property of iron to beconje magnetic, 
by the action of voltaic Klectricity gave rise to, was — Can it not be 
Applied as a moving power? A vast deal of time and money have 
been expended in attempting to solve this qacstion, and a great number 
juf exceedingly ingenious machines have been invented and described. 
Hp to the present time, however, all attemjtts to produce a really 
^bwcrful engine, or one that by its performances can be said to liold 
^■t any prospects of suocesa, have failed, and the principle on which an 
^Bctro-magnetic motive entwine should bo constructc^d, is still a desi- 
Hsatum. It would occupy far more s])ace tlian we can afford, to give 
Kdeacription of all the machines for producing motion by electro- mag- 
■ptism that have been eu excessively brought lieforc tho public, most of 
^Mini can be ranked uuly among philusopliical toys. Two ot three 
shall, however, bo briefly described, and wc 6hall select ihoac that havo 
^ tlioLr inventors bc(?n thought worthy of being v^lo&led. 
B • /.. ft/id £. Pliil. »■«}., vol. \\\. V' ViUV. 



(Oil) InSiUimin's Journal, for April, 18^,t!>prr 1 
tative engine, invented wni patented by Air. Thomas fJi 
don, in the cotinty of Ratlond, and £?tate of Vermont, United tStatn. 11m 
fbUowini^ is a {general outline of its constructioD : — Uie movine - --~ - 
composed of two iron bars, placed lioriz'^ntally, and crossing ta- 
at riglit angles ; they are covered with insulated copper wire, and hhv 
taincd by a vertical axis : proper connection with the voltaic battrrj 
being made io the usual manner. Two semicircles of strongly magwi- 
laed steel form an entire circle, interrupted only at the two nppucittf 
poles ; and within this circle, which lies horixontally, tiie gaXvatund 
iron orosa moves in sach a manner, that its iron segments rcTobv 
parallel, and very near to tiie magnetic circle, and in the same plane. 
Its fljcia^ at its upper end, is fitted by a honxontal cog wheel in another 
and larger vertical wheel, to whose horizontal axis the weight is attached, 
and nised by the winding of a rope. By the galvanic counexioo, thai 
crosses, and their connected segments are magnetized, acquiring noA 
and south polarity at their opposite ends; and being thus subjected to 
the attracting and repelling force of the circular fixed magnets a rapil 
horizontal movement is produced, at the rate of six-hundrod ivTolntkM 
in a minute, when a large calurimotor is cmjiloyed. The movefaealil 
instantly stopped by breaking the contact n^th the battery, and ^hm 
levened by simply interchanging the connexion of the wires of Ite 
battery with those of the machine, when it beeomee equally r^id in tits 
opposite direction. Another machine, composed entirely of etectfo- 
suagnets, hoth in its fixed and revolving members, is also deuribsth 
(012) In a subseipient number of the same Journal, it is stated thii 
the proprietors had been engaged in experiments on magnets of diflSsnM 
modifications, as well as on the proper distance between the magootifl 
poles of the circle, that tliey had entirely altered the form and %ma^ 
ment of the magnets, greatly increasing thereby the energy uf ikt 
maclune. The use of magnets in the form of segments of a circle, nai 
discontinued, and Iiorse-slioe formod magnets substituted; the polfS 
being changed once in every 3^ inches of the circle. On this mmngh 
mcnt, a machine with a wheel seven inches in diameter, elevated 
one foot per minute, and performed about twclve-handrod iwul 
in thfl BBine time. It is also stated tluU the proprietors were csigagvd 
in constructing a machine with a motive v.* * * .-t in diftp 

BSlef; from which, it was expected, thii; prupda 

Kapler's printing press (requiring a two-horse power), -vrould he ob- 
tained. The author is not aw«z« wfaetber ibe nrw machine realised tLs 
IHitici}»ations that wen indnlged in, mot bss be heard what suoccM 
crownod the sobseqtieot efforts of tbv ingeaious Ainerican. 

(G13) In 1838, Capiam Taylor obUiiMd a patont for u dooti^ 
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nmgnctic en^ue, in tlje United States; and on November, 2nd 1839, 
he patented the: Bame engine in England. In the London " Mechanics' 
Magazine^" vol. xxxii. p. 604, there is a full description and tlrawiujj of 
tikis engine, a working model of which was for some time exhibiting la 
the Collusseuiu, in active operation, turning; to the wonder and admiration 
of thousauds, articles in wood, ivory, and iron. Referring to the above 
periodieul for a detailed description of this engine, we shall confiuo our- 
soJvos to the peculiar principle of its action, as explained by Mr. Taylor. 
" The generality of the plans which have been hitlicrto devbed for obtain- 
ing a working power from clectro-magnetisim, have depended on taking 
advantage of the change of polarity^ of which masses of iron fitted as 
electro-magnets, are augceptiblc so as to cause Ihem alternately to 
attract and repel certain other electro-magnets, brought successively 
within the sphere of their influence, and thus to produce a coutimious 
rotatory movement; and the failure of these attempts 3r« owing to the 
difficulty, if not imposfeibility of accumulating power by such means. 
Instead of this, Mr. Taylor employs as bis prime movers, a series of 
electro- magnets, which arc alternately and almost instantaneously 
magnetized and de-magnetized, without any change of polarity whatever 
taking pUce, and in bringing certain other mosses of iron or electro- 
magnets successively under the influence of the said prime movers 
viien in a magnetized state, and in de-magnetizing the said prime 
movcia as soon, (or nearly so,) and as often as their attractive powef 
oetsea to openito with advantage; or in other, and perhaps ])Iatner 
words, his invention conni-itD in letting on or cutting ofl* a stream of the 
electric fluid in such alteniate, quick, and regular succession, to and 
from a series of electro- magnets, that they act always attractively or 
positively only, or with such a prepondenmce of positive attraction, as to 
cjcerci,-*c an uniform moving force upon any number of masses of iron or 
magnets placed so as to be conveniently acted upon.'* The power of the 
machine constructed on this principle which was exhibiting at the Colloa- 
ecum, was Kmall, certainly much below that of a single man ; and wcare 
unable to $tay whether Mr. Taylor has since succeeded in increasing it.* 
(614) It appears from a letter in the Phil. Mag.'t from Professor P. 
Furbcs of Aberdeen^ and also from a communication from Mr. Robert 
Oaviddun tu the Mechanics' Magazine,^ that the latter individual had 

* Since wriUof^ the ttbove, I have been informed by Bf r. Henley, that be eon* 
•truot^tl a vcr> laqj^ dectro-magtiutli: engine, on Captain TuyluKs plan, at the 
lime that Uiat ^rt^ntlemfln took out lii>4 juitcnt. This wheel wha 7 feet tn diameter, 
uul weiglu-'d 4 cwt. Tliis machine did »onie work, but at on eoonnooi expense, 
cwuof Hulphateof coppi:r having beco consumed tn one week, in experiments 
alooo. The battery employed contained 13 cwt- of melal. 

t VoL XV. {». UO. X Vol. zxxil. p. 69. 
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tbtf Ne^*n) (luring entire days. Tho difficulty of then man- 

- rics, and the iinperft-ct construction of the engine were 

,>:■ ut interruption and ouuld not be well remedied on the 

After thrso diificnUiea werv in »omo dcgn?o removed, tho pro- 

p\CQ OS the result of his experiments, tliat a battery of twenty 

[Uttrr fix't of platinum will produce power v<|uivnlent to one horse : 

he hoped to bo able to obtain the same power with about lialf tliat 

»uut of battery surfnce. The vesuel went at the rate of /vtir miUt 

hour, which \A certainly more than wae nccomplifihcd by the Jirtt 

boat that was propelled by the power of steam. In 1839, Jacobi 

a second cx(>eriment in the aauie boat, the machine wliich wae the 

as that U!}ed on the previous occasion, and wliioh occupied little 

», was worked by a battery of sixty-four pairs uf platinum plates, 

having thirty-six twjuare inches of surface* and cliarged according 

the plan of Grove with nitric and sulphuric acid. The boat, with 

Ly of twelve or fourteen persona on board, went against the stream 

the rate of three luiled an hour. 

(017) These spirited experiments are certainly deserving of the 
itest praise and encouragement, for it is quite clear that nothing 
slosive 03 to tho practicability of emplojnng electro- magnetism as a 
►ring power can be gathered from mere models, and that trials on the 
scale are alone to be dcjKinded upon. We fully concur, (and wo 
re oar readers will do so likewise) with tho following remarks of 
le editor of the Engineers' Magaxine. " Tho results of Professor Ja- 
►bi*s experiments on the water, and of Mr. Davidson's on the railway, 
lio doubt disappoint the exaggerated expectations of some, who 
If view them as rather unfavourable to the claims of electro- ujagnet- 
but it must l>c kejit in mind that it is only a few years since, 
kat it in any degree engaged attention as a means of obtaining mecha- 
power. Should it ever lead to the results anticipated frora it as a 
rime mover, there are many advantages which it will possess over 
rai. The clash, din, and concussion occosioned by steam engine 
lacUinery — the dread of explosions — and the smoke, dust, and danger 
6re would aU bo got rid of. The only noise in an electro-magnetic 
■or boat woiUd be that of the wheels, and the batteries could 
■\ in such a manner as to avoid all disagreeable smell. But 
rcD if the method of exciting them should be snob a» to produce 
gas, this, instead of being pemiitte*! to Cdscape and annoy 
could be collected and rendered available as a means of pro- 
long light and heat when required. So far, however, aa light is 
icemed it could be ubuiucd otherwise at no additional exponce ; for a 

• TkiU battery. It will be obscrveU, vnu not about oue-flflh part tho ftUe of thai 
iU>]h1 in the experiment of 1880. 
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piec« of charcoal, being inteq>oeed at a small breach in the wires 
with the battened, would, by its ignition^ afford the ifl«at ioioae md 
brilliant light Imaginable, and furnish the means also of eomnttBieal- 
ing signals to an imraense distance. "Wo ore inclined, bowisT^T, to 
think that the appUcatiuo of this new priuio mover to navigatKn^ 
particularly on the ocean, holds out better hopes of sncccas thaa hs 
application to locomotives on the land. Iron vcseela have now hem. 
proved well adapted for daty at tea : and aioce that metal and salt 
water constitntc two important elements of a voltaic battery, may nut 
Bome means of introducing a third elemimt be snggcstcd, so that ■ 
great part, if not the whole of the 5urfaoe of tlie ship may be callKl 
into action for the purpose of furthering her progress, thus making th« 
ocean so far her propeller as wcU as sapport, while her own body alio 
performed two important offices ? Much less weight would also re- 
quire to be carried by an electro- magnetic boat than by a steamer, aikd 
she could therefore undertake much lunger voyages.*** t 

* St» " Practical Mwhanici* and Englneen' Uagailne.** Part 14, p. 63. 

t For the convenience at those who feel incliiied to aee tnd examine the 4eKffi^ 
tions of the numcrons eU'ctro-nimgnetic mochmcf that hato tieeu pfopoMd bf 
different experinientaliBtA, a list of refercaocs to the periodicali eoolalalcig Mnttttf 
the principal ones, ia kubjoined. 

Sturgeon 'a Electro-magnetic Bogioc fat turning XaJiioery. *' itanab of Eke> 
triclty." Vol, \. p. 76. 

Jaeohi's valuable p&i>er on tlie application of Electro-magnetliim to tlik mofiiit 
of tnachtncs, with a description of an Etectro-maguetio Engine. ** AuttaU uf 
Electricity." Vol. i. p. 408-419. 

3Ir. Joule's Electro-magnetic Engine *' Anaala of Electricity. " Vol. tl. p. IIS. 

Mr. Daveni>orl'5 Electro-mngnelic Engine. " Anoala of BleetricJly." VoL &.< 
p. 2,%7. 

The Rer. F. Loekcy's Electro-nugnotic Engine. " Annab of RIcctridty," ViA. 
ill. p. U. 

Ur. Page on Electro-magnetism aa a moring power. " Annola of Electrtdty * 
Vol. Ut p. 6M. 

Mr. Joule's second Engine. *' Annals of Elcctridly." Vol, If. p. «tl3, 

Mr. Vriah Clarke's Engine. " Annals of Electricity.*' Vol. ». p. S3. 

Mr. Tbomns U'ritcht's Engine. " Annals of Electricity." Vol t. p. 100. 

Mr. U. Clarke's Electro-magnotie Locomotire Carriage^ " Annala of IQactri- 
city." Vol. r. p. 304. 

Jacobl on the " Principles of Electro- magnetic a1 Maeldncs.^ Report of th» 
Meeting of the British Association In Glasgow in September* 1^40. '* Annala 
Klectrleity." Vol. y\. p. 162. (^Tbia Is a most valuable paper, and la well 
iDg of attentive study.) 

Mr. lUibert Davidson's Bleetro-mBgnotio LoeomotivG. " Bngiaecn 
ice. Port 14. p. 4ft. 

Mr. Taylor's Engine. " Mcchontca' Magazine." VoLxixII. p.fiD4. 

.Mr. Watkiiis'* Electro-motlTc Macldue. " PUlK Mag.*' Vt.U xIL p. 100. 

An Inquiry Into Itic pouibilily and advanUge of ih« applir-^ilofk of Eloe 
magnetism oa a moving power, by the Rvv. JanuM WlUlain MH^aulfj, " 
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model of an electro- 
magneto motive en- 
gine constructed by 
Mr. Dain, with Huuie 
iniprovenicuts by 
publishers of tbia 
rk. On to a stout 
khogany board are 
ted the brass up- 
rights ^£^; to these 
attached the eleo- 
magnets A B^ 
►vered with stout 

throngh tlie upper part of these uprights, and above the magnets, 
the two ends of the steel spindle c work ; this Bj)iudle carries about its 
centre nn iron bit, which is alternately attracted by the two nia^ieta A 
uid B^ but prevented from abt-olute contact by pieces of paper ; 
ftitothcr spindle ?n, at right angles with f, and «ipported by the 
uprights // /i, carrying at one eiid tlie fly wheel (t, and on the other a 
small pully, is cranked in the centre and connected with c by the spring 
Uid hook h» At h are seen two brass springs bearing lightly on t)io 
Bpindle, which is divided in the middle by a small piece of ivory, so 
that one only is in contict at the same time. The connections are 
formed tlius : — one termination of the electro- magnet A is connected to 
one of the upright springs bearing on the spindle, and the other termi- 
Dation to the binding screws seen at the end of the board. Tlie one 
termination of tlie electro-magnet B is connected with the other spring, 
and the other extremity to tlic same binding screw to which one end of 
A was attached, the remaining binding screw being in connection by 
n>«ans of a wire with the brass box in which m works. The working 
of this machine is greatly assisted by two spiral springs fixed iin<ler- 
ueath the board attached to the moving bit. The whole arrangement 
fomis extremely well, and no doubt if made on a large scale would 
very powerful. 

(fil8) We are indebted to Mr. Henley for the following descriptions 

two cloctro-mngnetic engines which ho has lately constnicted fur Mr. 

'albot and Professor A\Tieatstone. The descriptions wore accompanied 

drawings, which we regret that time does not allow of our having 

igrared for the preseot occasion : from the clearness of the accounts, 

the PTOocodinga of the Britiih AsaociatSoo for the Advaiicoiaent of Science a 
le Dublin Mating, Angfust, ia3&." 
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liowerer, we have no Houbt that our rcftders will he enftliM to foria t 
good general idea of the structure of the mochtnea :— 

*^Mr. Talbot's engine consisted of 6 pov^crful horeo-idkiM dwti^ 
roagneta, plac^ in n line with tlioir poles upwards ; to escli nagnd 
"wta adapted an armature, to wliicli was offixctJ a joiutrd vn : to ill* 
centre of the armature was a hole which was fittiMi to A sii Ui»w 
crank, the throws set at on angle of 60° with each other, the comste 
acting on tlie magneta in suoccadon from 1 tu 6 ; at the time of bitakifig 
at 6 it commences agoiu at 1 : contact is made whon the annatnre iitrt 
a small distance from the magnet, and is continued till it reaches h; it 
this mnracnt contact is brukeu and made with tho succeeding one ; tits 
connecting rod playinp; through the hulo in the armature allows tho onnk 
to pass down ; whon it remains stationary on the poles of tho niagDcti^ 
a piece of paper prevents adhesion. There is a knob at the end of ih« 
connecting rod, by which it lifts tlio armature in one positiuo, ud it 
pulled in tlio other. In this machine the magnet acts when tha erank 
is in the very best position, and were it not for the additional fnctioo 
from the great number of rubbing parts, it would certainly bo thtf bc»t 
form of machine. On the shaft ia nittuntcd on A &hu]H;d fmtno, and at 
one end carries a heavy fly wheel, and at the other a contact brooking 
apparatus, wliich consists of a wheel and six levers, the points of which 
dip in mercury.*" 

(019) Tho original uf Professor Wheatetonc*^ machine r ! i 

brass ring, within which wore placed eight magnets; an cce....... ...•.<! 

revolves witliin, tlie longest radius of which passes close to each mofnel 
SUCcesHively, fuLiuwing the current as it werCf whiclt nets on eAcfa qiagncl 
a little in advance uf the wheel ; the break piece, which is stotifmaiyy 
is made of a piece of ivory, into which ia let eight picooa uf bmw ; Uif 
sliaft, which passes through this without touching, carries a spnQj( 
wliich presses on the brea^ piece. Tlie shaft and &acne wurk is in 
Gunnection with one pule uf the battery, one end of the ooil cm tack 
magnet, and the other end of each with its corrcB|)unding piece of bnsij 
the tihaft also carries a By-wheel and pulley tu transfet tho |k>wer. If 
there were a hundred magnets, of course tho same buttery would ba 
suflicient, as they only act une at a time. The anthur ha'l tliu phtiuxini 

* Thtf engine was 3 fn-'t inches long;, and 2 feet 6 tochL** ^-^ -^ t 

WBB Dot oqoul u> thu c]tiK;c(iilJons that were fomiL'd of it , a 

Orovo'i balU-ry, coutfiBlhig of 4 culU witli iloiibic pluttv of xiuc .■ '^, 

ptntitiutn plitUa U Itiches by G^ptxcitcil by dlluteil sitlphiiHr H<*It1 1 <u- 

reiitmu-tl uttrii: acid, Mr. Itriilfy drovt* with it u liiUic in wtii. ..^ 

metjil jiiillry & liichet In diameter, but in thrv« quartcn of an l< •ns 
qiiltv exh«usted< Thii machine, It wUl b« otiMrved, was lowvthinii mum Uuia a 

modtU ^m 
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of seomg an improTcmont od this ougine at work at 3Ir. Oaaaiot's hoiue. 
\co magnets wero hero made to answur the sanie purpuao aa eight in 

e other, aud there is only one portion of the eccentric made uso of. 
It ts divided into four parts, and fita on a wooden whi-el ; two magnets 
are placed underneath. Thia amounts to the uame tiling, with the 
adrantage of being balanced by having the esanie weight on euch side of 
the axis. If eight xnagncU were used with thia, four wuuld act at a 
• ; and with proportional iucrcaso in the battery, thia would be a 

werfisl machine. The oontaot ia broken by points dipping in 
nry. 

(G20) Mr. Henley has also constructed a mocliine whicli works a 
e : it is made with three iiorse-shoc magnets, with their ]K>les 

wards, the bent parts crossing each other ; a bolt passes through 
them, aud holds them firmly to a base ; within the polea rerolvet) a soft 
iron cross : one magnet acts at a time, but the cross is attracted con- 
tinually. l*ho cross is suspended by four stout brass columns. At iirst 
there were but two ; it was found necessary, however, to add two more 
io resist the strain of the magnets, as the poles are curved, and the 
passes very close. There is a piece of apparatus to stop it inime- 
y : it is a lever which makes contact with one of the magnets 

ependent of the break-piece. 

(021) At the meeting of the British Association for the Advancement 

Science, held at Dublm in 1835, the following notice of an econoroio 

plication of Electro-Magnetism to manufacturing purposes, was intro- 

oed by Mr. Robert Mallet. 

The separation of iron from brass and copper filings, &c,, in work- 
abopa, for the purpose of the re-fuaon of tliem into brass, is commonly 
effected by tedious manual labour. Several bar or horao-shoe magnets 
are fixed in a wooden handle^ and arc thrust in various directions through 

dish or other vcasel containing the braes and iron turnings, Sac. \ and 

en the magnets have become loaded witli iron, it is swept off from 

em by frequent strokes of a brush. This is an exceedingly troublesome 
and inefficacious process. It appeared to Mr, ATallot that a temporary 
magnet of great power, formed by the circulation of au electric current 
round a bar of iron, might be substituted ndvontageously. The following 
ia the arrangement which he has adopted. Several largo round bars of 

n are bent into the form of the capital letter U, each leg being about 
inches long. They are all coated with coils of silk-covercd wire in 
the usual way, and are then arranged vertically at the interval of five 
or six inches apart. All the wires from these coils arc collected into 

e bundle at their rcsjxxtive poles, and there joined into one by 

during, a large wire being placed in the tuidst of them and amalga- 
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mated. A galvanic battery is proyided, with the poles oC windh 
wires irom tho electro-magnets are connected. 

The rest of the arrangement U purely mechanical. The teq 
motions are taken from any first mover, asuoUy a st«am-enguie. 
ptevionaly described anungemcnt being complete, a cliatn of bockflA 
80 contrived as to carry up and discharge over the top of the magBflU a 
quantity of the mixed metallic particles : most of the Iron adbttCi to 
the magnets, while the so-far-purified brass falls into a dish Or tntf, 
placed beneath to receive it. Thid latter is also one of a cljain of didto^ 
the horizontal motion of which is so regulated that the interval betwem 
the two dishes is immediately under the magnets, in the iDterval of linu 
between two successive discbarges of the mixed partichM od Uie ben. 
At this juncture tho communication between the galramc fafttterjr aad 
the magnets is interrupted by withdrawing the wires firom tho cops d 
mercury forming the \*o\es ; and the result is, that the greate«t part r<f 
the adhering iron drops off, and falls in the space between the t«D 
dishes. Ttie next dish now comes under the magDcts^ the oommaBka* 
tion is restored, and a frcsli discharge from the buckets takes place, and 
so the prucesti is continued. Some iron constantly adheres to the ma^ 
nets ; but this is found of no iiicouvcoience, as it bears but a small ptp> 
portion to the quantity separated. 

(622) GaltanomHcrt, — This instrument, the simplest form of wh 
is shewn in Fig. 215, was originally suggested by Frof«sai>r Sch 
of HaUe, very soon after the discovery of electro-magnetism, and 
by him called an ^Uctra-maffi^ie multiplier* Hio effect of passing aa 
electric current through the wire, in the direction pointed out by thi 
arrows, is, aa we liavc seen, to deflect the needle fr:)m its natural po« 
and to bring it into a position nearei to a right angle to tho piano of 
wire. To multiply this effect, and to render the instnimcnl a u 
susceptihle indicator of feeble electrical currents^ various forms ha 
been given to the instrument ; in alt, the convolutions of tiie wire 
nmltiplcd, and the lateral transfer of Electricity previsited by coating 
it witii sealing-wax or silk. Fig. 231 is a vertical section of the totiioB 
galvanometer of the lato Professor Ititchic The following u hi* 
description of its construction : — *' Take a fine copjiex wire, and eona 
it with a tliin coating of seaUng-wax, roll it about a heated cylinder, 
inch or twu in diameter, ten, twenty, and any number of times, 
cording to the delicacy of the instrument retjuired. Ptcaa togothar 
opposite sides of tho circuhu* coll till tlicy become parallel, and ain 
on inch, or an inch and a half long. Fix the ooiJ iu a pr ; - ' 
connect the cuds of the wires with two small metallic ruj 

a drop of mercury. Paste a circular slip of paper, divided luwj 
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Fig. 331. 
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horizontally, on iho 
of tbe coil, and 
ig a bliutk lino drawu 
lugli iLs centre, and in tbo 
10 direction with the middle 
the cuil. Fix a email mag- 
made of ■ coninion scwinf; 
or piece of atccl wire, to 
lower end of a fine glass 
nliile tlio upper end is 
if fixed with scivling-wax 
10 centre of a moveable in- 
in the common torsion 
Theglassthread should 
'Inclosed in a tnbo of glass, 
fita into a disc of thick 
gbwi, covering the nppcr 
of the wooden box contain- 
the coil and ma^iotic 

•Nl 

* 
(6S3) The eeosibility of this instrument is very much increased by 
traBaDg tlio ma^ctic influence of the earth, by employing two 
which was first done by Frofoaaor Gumming of Cambridge, and 
rards on an improved principle by Nobili. Tlic nentzalizing 
in hia instnimeut is attached to the principal one ; placing them 
above another and parallel to each other, but with their poles in 
tt« direc^ona. They are fixed by being passed through a straw, 
ided from a thread. The distance between the needles is such aa 
[allow the npper coil of the wires to pass between them, an opening 
Ig purposely left, by the separation of the wire* at the middle 
liiat coil, to allow the middle of tbe straw to pasB freely through 
A graduated circle, on which tbe deviation of the needle is ine»- 
snred, ia placed over the wire, on the upper snxface of the fiame of tbe 
tMtnmient, having an aperture in its centre for the free passage of the 
needle and straw. The whole of this arrangement will be easily under- 
by imagining another needle to be suspended to the one above 
coil in Fig. 231, moving teU/tin the wire, and having ita poloa 
' V reverse of those of the upper needle.* In Nobili's instni- 
. AUio was twenty-two lines long, twclro wide, and six high. 
wire was uf copper, covered witli silk, one-fifth of a lino in dJame- 
aad from twenty-nine to thirty feet m length, making ssevenly-two 

PIiSLTrmn*. I8D0. p. SIP. 

The tsstmniicnt a* iliuj con»tmct«d it uJtcil Uie MUtie ocedU ^rwaawfitt* 
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TCTolntioot rotiDd the &ame. The neMet were Iwenty-tw^ tioc* k«^ 
three lines wide, ft quarter of m liii« ihkfc, sad they ncre pUoed oa thi 
Mnw five ItntM Apart from each other.* 

(C24) The advantagea of Xoblirs i&stni]ii«nt ooonrt in the 
force, aruiing from the infioeikoe of tlie earth's nagnietism behkg 
haUnced, and a doable rotatory tendeocy hang gitcn to t]»e aenllA 
The lower needle is acted upon by the sum of Uic foroea ol* tJie 
ID every part of the coil, and the upper needle ia acted up«iD by 
excess of force in Uie ap{>cT current which is pearest to H, which Con^ 
of coarse, acts in a direction the revene uf that in which it arts iqiB 
the lower ocedlr, being sitnatcd on the oppos]U- fsitlc ; bat since tin pd« 
are also in a reversed position, the rotatory tendency becomes the 
in both needles. M. Lebailiff has extended the principle of 
galvanometer, by cmplojring four needles, two wiibtn the ooU, 
their poles similarly sdtuatej, and one above, and ooe brJow, hiVWf 
their poles reversed. lie likewise employs five {HuaUel wires, mA 
sixty feet long for the coil, instead of one length of three hnodnl 
feet; by this means the current is divided ioto fire {saris, and nttisM 
flow tlirougli five different channels, witii the alleged advmDtago of it- 
creasing the quantity, and diminishing Uie intensity of the dect r idqr; 
it b not decided whether this is tlio caae» nor is the adTantac* o^Ofr* 
ploying four needles sufficiently obvious. 

Fio. 233. ^ F'R- 232 Is sbowva 

Fio. 232. i simple airaagieiiMnt <i Ik 

galvanometer, witli asUlii 
needle ; and in FSg. 233 Ai 
same iiiatnim«ikt k nf»> 
sentod, with ddkad* aod 
clegoat a^justtneota, i^^H 
ing a galvanic taMft^ 
the sensibility of which mar 
bo illustrated by maUiV 
with it the fullowtiif d- 
perimeiit : — Twist a f^M 
of Iron or zinc-wire round one of the binding scrvws, ooaacvled srilb 
one extremity of the coil, place on thn top of tho otlicr btnfiiiB SOW 
a drop of spring-water, into which dip the other vnd of tha win^ IW 
net^es will immediately bo tnovetl by tlie weak cunvnt Ihtia «i 9 
motion. So uxquiHite a test indeed of tho prescnoa of minuto 4|aaat^iM 
of Electricity is a well made galvanometer, that by it SrlMMubciB wm 
able to prove a change in the composition of chloride of oobaltf whit 
that salt in solution was changed bloo by the action of heat^t 
* liuget'i Treatise. t Sss Peg. Aaasleoi sir. p. IB. 
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(625) no nave sceti (37) timt the lightness 
leaf liave rendered that motal liigMy valuable to the electrician iu the 
eooBtntction of instruments for appreciating minute quantities of sta- 
tical Electricity. The same material, witli the addition of a magnet, 
uajr bo arranged so a# to form probably one of the most dulicuto teats 
poasible, of the existence and direction of a weak f/aleanie current. A 
slip of gold leaf is retained in Uie axis of a gloss tube by a metalh'c 
forceps at each end, and a strong horsc-slioe magnet is fixed wltli ila 
poles on cither side of the middle of tlie tube ; on causing the clectri- 
CtS current to pass down the gold leaf it will be attracted or repelled, 
UtoraUy by the poles of tlic magnet, according as the cuncnt is ascend- 
ing or descending.* 

(62G] Mr. Sturgeon also describeet an instrument in which a single 
gold leaf is employed, but instead of a magnet a dry electric pile is 
used : ''a glass phial has its neck cut off and is perforated on its two 
opposite sides, for the introduction of two horizontal wires. These 
wires are formed into screws and work in box-wood necks which aze 
ly cemented to the bottle ; with their centres directly over the 
forations. Througli the centre of a wooden cap cemented to the 
top of the bottle, passes a brass wire tapped at its upper extremity for 
the reception of a metallic plate, and from its lower extremity hangs 
a very narrow slip of gold leaf pointed at its lower end, which reaohea 
jast as low as the inner balls of the horizontal wires. The bottle 
•taods upon, and is cemented to a box-wood pedestal. Upon two 
glaas pillars fixed to a wooden base, is placed, horizontally, a dry elec- 
tric pile, consisting of about one hundred pairs, or rather single pieces 
of zinc witli bright and dull surfaces. The poles of this pile arc cun- 
nooied with tlio two horusontal wires by thin copper wires." llie 
S(*D&ibility of this instrument 3Ir, Sturgeon states to bo very great, 
A xinc plato about the size of a sixpence being attached to the 
tipper end of the axial wire, on pressing upon it a similar sized copper 
plate, the pendant leaf leans towards the ncijatire ball, and when the 
copper 18 suddenly lifted up, the leaf will strike ; when the plates aro 
xcvenied the leaf leans towards and strikes the po*i(ice ball. 

(f>2T) In October, 18tl, Mr. Iremonger commnnicated to the Lon- 
don Electrical Society the following description of n novel and ingenions 
hydrostatic galvanometer.:^ '*A small bar magnet is attached to the 
bottom uf an areometer ; this apparatus being bo weighted that the ball 
may float just below the surface of pure water* Over the proof glass, 
containing the said areometer, is passed a Do la Rive's ring placed 



* Cammixig's MiuiuiUof £lc<*tro-dyounlc«. 
I Proc Lottdou £l«c. Si>c<,p. 175. 
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rather below tliu level of tho tower polo of tbo nifligiuH. Nnw, on 
pasdiog « voluic curnmt through tho ring, tho in»||rnot Ami u^umrVf 
ve forced downwards : but Rt the same time I sccotnjiony tUis oaotioa 
b_r n corrfs^>ondiog moTcnient of the ring, by wliich mcane the dcsoai 
of the tioating apparatus is continued till the dectro-magnotii: forctt 
are in equilibrium with the upward pressure of tho liquid. Now. tkr 
pressure of liquidii being simytly aa their height, the diflereut dogreoi of any 
e^wiIJy divided ^^cale attached to this instrument will ha of f^wii v^m 
— no slight advantage. Tlic delicacy of the instrument wiH dfjK'ud m 
several circumstances, such as the size of the stem of tlie aicumoUt, 
the strength of the magnet and also on tlie length of wLru and niunlv 
of tuma in the ring." "Sir. Iremongcr gives a detailed a< " lU 

iiietliod of constructing this instrument, for which, as tt • 1< 

well understood without a drawing, the reader is referred to his odgisal 
paper in the ^'Proceedings of the Klecirical Society." 

(628) A large and very sensible thcnnosoopic galvauoDieter was b- 
-vcnted by Dr. Locke, Frofet^or of Chemielry in the Medical GiUt^t 
of Ohio, and by him communicated to the Phil, ^lag., in Angtut, 
1837. Tlie object proposed by Dr. Ijockc in tlio inventinn of ilia 
instrument wa^ to construct a thermoscope so large that its indicttioM 
might be conspicuously seen on the lecture table by a numeroa* nawm 
bly, and at tlie same time so delicate as to show extremely flnuO 
changes of temperature. How far he suceocded will appear frontbt 
following very popular experiment he was in the liabit of making witb 
it. By means of the warmth of the (inger applied to a sin^^le pairsC 
bismutli and cnpper discs, there was transmitted a sufTi .: 
Electricity to keep an eleven inch nec<lle weighing an 
an a continued revolution, tho connexions and revereals being propfll]^ 
made at cvcrj' half turn. 

The greater part of this effect was due to tb« mamrm0u of Un Mfl 
which was mide of a copper fillet about fifty fcut long, onD-foviUt «( 

an inch widr, and one-eighth of an inch thick, wtighing } ' - '-tor 

and five pounds. This coil was not made in a pile at |l< . Ji 

the circle in which the ni*edlc revolved, hut was Kprvad oi. rjl 

turns lying side by side and covering almost the whole u: ..,„. .,.J» 
above and below. It was wound cloeoly in parallel turns mi a einivlv 
piece of board eleven and a half-inchoa in di ^S 

thickness, covering the whole of it except i\\ , ; „ *U 

about ninety degrees each ; on extracting the board a eavUj of tU om 
shajie was left in wluch the needle was placed. 

The copper fillet was not covered by silk or otherwise ooalod f»ir 
insulation, but tho several tunia of it were separated at iitat ends kj 
reneent of wood jvist so fax as to ^rcveui cntvtacl UiroagLottt. 1m 4lic 
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mossivcness of the coil tliis instrument is i>orlm])a pocnliar, and by this 
iiirjins it nftonis a free pa.-isagc to currents of the most feeble iiitonsity, 
Vmg them to defl«:t a very heavy noedle. The coil was supporteJ 
woodca ring furnished with braes feet and levelling scrcvrs, and 
undcd by a brass hoop with a flat glass top or cover, in tlie centre 
hich was inserted a brass tube for the suspension of tlie needle by 
lOon Elament, The needle was the double astatic one of Nobili, 
part being about eleven inchc-s long, one-fourth wide, and one 
cth in thickness. Tlio lower part played within the coil and the 
T one above it and the thin white dial placed upon it, thus per- 
ng the office of a conspicuous index underneath the glass. For 
ents in which large quantities of Electricity arc concerned, tliis 
instrument is quite un6t: but it is well adapted to show to a class, 
oxpcrimenta on radiant heat with Pictet's conjugate reflectors, in which 
the differential or air thormometcr affords to spectators at a dittance 
bnt an unsatisfactory indication. For this purpose tlio electrical ele- 
ment ncceesary is merely a disc of bismuth as largo as a fjhilling 
soldered to a corresponding one of copper, blackened and erected in the 
focus of the reflector, while the conductors pass from each disc to the 
poles of the galvanometer. With this arrangement the heat of a non- 
luminous ball at the distance of twelve feet will impel the needle near 
180% and if the connexions and reversals are properly made will keep 
it in continned revolution,* 

[629) Ilitherto, as we have seen, our scientific mechanista havo 

succeeded in constructing on electro-magnetic principles, an 

ne which, as a prime mover, can be said to have any claim to 

ic attention : other applications of this A>rce have, however, been 

ly made, and to them we will now devote a little atteiitinn, 

30) It is with regret however that we here find occasion to allude 

IC oWrvations with which we prefaced our remarks on " Ughtning 

lUctors ;" (178) it is with pain that wo see so much acrimony and 

11 indulged in by parties of high scientific standing, and an- 

ible talent, and much does it diniinish the plcaauro with which 

inc the beautiful details of some of the recently contrived 

■o-nia^netic telegrapha and clocks, to find that the respective in- 

irs are bitterly contending for "priority of discovery," and Icoving 

oalm and dignified pursuit of philosophy to follow the nn- 

;hy emplnjTuent of mutual invective ami detraction. Luckily 

not called upon to express any opinion relative to the respec- 

okums of the rival parties, and we escape with pleasure from the 

ioufl task of so doing, and though we havo not by any meims bec*ii 

xive to the merits of tlie case and may have fomied our owu 

• L. ood B. Phil. M«2. Vo^.U. v Vl^ 
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private opinions thereon, we ehall cautiously abstain fmm talcuig toy 
part in tlie controversy, and cnduarour, as (ur a^ our space ^ill olLiv, 
to do full justice to the labours of all. 

(631) EIcctro-MaffficUc Tch'fjrajtiis, — The idea of employing EUe- 
iricity as on agent to eifect communication between distant pUoct, n of 
DO recent date ; for almost oa soon as it became known that condoctii^ 
wires Imd the power of transmitting Electricity inst \\m 
distances of i<everal miles, the idt-a occurred to several . 'iiat 
correspondence between distant parties might be accompliahod hy 
electric action. In 17+8,* \)r. Wataon, liishop of 1 ^ ' " vlth 
sercml other philosophers, made experiments nt iShootcr »ji 
showed that Eloetrical dl:»chargea from a l^yden jar could ^^ p' ; i.uinl 
tiirou^h a distance of upwards of four miles, wiUiout any app^.^atib 
loss of time, although a considerable portion of the circuit was fonncd of 
land and water, Tlie success of these cxperimenta appears to law 
given rise to the Gnt ideas of forming electric telegrapba, by mconi of 
which, distant parties might hold correspODdcnco. Fn)m ttio time tlni 
Dr. ^Vataon made his ojcpcrimeuts at Shooter's Hill, there have h«« 
many contrivances for applying electric agency to telegraphic coaimsm- 
cation. Before 17^0, Winkler^ at Leijtnc, discharged Lerdni jflrl 
through very long cireuils, in some of whicli a river formed a pot, 
Le MonnieTy at Pan'jr, produced shocks througli I2,7*>9 feet of win-;— 
and it is said that Bctaricourt^ at Moiind^ discharged elcctiio ^in 
ibrongh a distance of 26 miles. 

(632) In 1816, Mr. Ronalds, of Hammersmith, Invented oodeov* 
structed an electric telegraph, which he worked by a «inglo ciitBttt 
throngh ciglit miles of wire, in the presence of several scirtiiifiG dnb; 
and In 1823 ho publislicd a work,t in which be very fally doscriM 
hia telegraph, in both letter press and plates, together with NWnl 
other Electrical instrumenta of his invention. Mr. Uonalds empWjwl 
cloc^4 to work his telegraph ; a revolving disc was fixod npon iki 
Beconds' urbor^ the signal.^ being engraved upon it in divillio^l^ froB tb 
centre to the circumference, cacb division being in size and idis]ifl ttmiia 
to on opening in a Jiscd plate, behind which it revolved, so thai only 
one division or signal could bo seen at one time, ^a inpr^ • pli- 
cation of the voltaic battery to telcgTaphic pnrposM wie < M. 
ISommcring :— a serieu of gold pins were arranged for tho dcvouiposiiMi 
of water, and by touching a key, any of them could Ui brought lali 
play, and thus signals could be communicated. 

(633) In the year 181 D, the faiiiouH discovery of olectro-inagM^H 
was mode by Oersted, otid sioco that time, uearly ul* Mu* ii^Ir-rmfll 

* Boa Sturgeon'* Annaliof Eteotriclly, vnl. v. p. 3IX) 

f Sff a nrferenec to U In tbe lasV EAHWon m\ VW1£.w;'!f<.V!V'^'-v%\Siv\«juu£A. ^ :/tl. 
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ihiil hare been brought before the public arc liosed on the deflection of 
tbo Dingneiic ncedio by tlie voltaic cnrront. It was Ampery wliu firet 
mgjcrestcd this appHcation, and Mr. Alexander, of Edhiburgh, who 6rafc 
look advantage of the auggwstion. Ilia tele^'raph* cont,iht4>d o( tliirty- 
^pfi wires, for the purpose of ahowinj; the alphabet in fuU, with slops, 
Hpe., in all thirty- signals, which were shown upon a distant dial. A 
▼oltaic battery was provided, and a eeriea of troughs of mercury to 
wltioh were attached keys, to be pressed down by the finger of the 
openktor, by which the voltaic circuit was completed; thirty magnetic 
aecdlcs, each carrying a screen which concealed a letter, were fixed on 
the dial, and each needle had its corresponding key. ^Vbtu no Elec- 
tricity was passing, these scrc:eus remained stationary over the several 
letters, and consequently concealed tlicm from view ; but when the cur- 
rent WM made to flow, by the depression of a key, tlie corresponding 
needle in the distant instrument was deflected, carr^nog the screen with 
it, and uncovering the letter, which became exposed to view. For 
tilts telegraph, a caveat for Great Britain and Ireland was lodged by 
Mr. Alexander, in April, 1837. 

(634) In the same year, a public exhibition of an electric recording 
ivgiftter Telegraph, in which deflected nfM?dle3 and pencils recorded 
signals, -was made in America, by Sir. Morse; it is described in Silli- 
nian*s Journal of Science, for October, 1837, and altso in Franklin's 
Jounial. In November of the same year, Mr. Davy exliibited a 
tchtgraph at Exet^T Hall, which attracted considerable attention. In 
tltis apparatus, the signals appeared as lununous characters within a 
dark operture : and in July of the following year, the same individual 
tuok out a patent for improvements in apparatus for making telegraphio 
coiumanicattous or signals, by means of electric currents.f 

(635) The first patent of Messrs. Wheatstone and Cooke, "for im- 
provements in giving signals and sounding alarms at distant pluces, by 
means of electric currents, transmitted througli metallic circuits,*' was 
tealed on the 1 2th of June, 1837. The telrgniph here patented thoy 
call their nccMe uUtp-aph ; it is thus described by 31 r. Wlicatttone, in 
Ills examination bcfure the Parliamentary Committee on Railways. — 
" Upon a dial are arranged five magnetic needles in a vertical position ; 
twenty letters of the alpliabet are marked upon the face of the dial, and 
Uie various letters are indicated by the mutual conveyance of two 
needles, when they are couscd to move. These magnetic needles are 
actctl upon by Electrical currents passing througli eoila of wire placed 
immcdiaUOy behind them. Each of the coils fumm a portion of a com- 
municating wire, which may extend to any distance whatever; these 

* %ec Mr. PinUUMm*! pcmphlet on ""the AppUeadoas of the Electric Fluid to the 

UtrfVil Art*," 6lc., In which tlicre li au ciii^ttNin^ of "Mi. XUxi«vv\cV%*ttAt^T*.-^x» 

/ yor « dcscripUoo tmd cagmvlng uf tlus TcU-^jrapAv, bet "PVu^aUou^ -^mu-Vv^WU 







wiiea at tlieir termination arc conDCOted nitli an a|i|Muatii« wt 
be caUed a commnnicitor bccanse by means of it, tbe ttguals 
mimicated. It coiisUte of five longitudinal, mod two tnuwrcrae 
bars, fixed in a wooden (nxuG ; tbc latter arc united to tbe polcg oi 
Voltaic battery, and, In tbc ordinary condition of tlio instinmcot. bare 
no metallic communication with the longitudinal bare which arc each 
immediately connected witli a different wire of tbc lino; on each 
these longitudinal bars, two stops are placed, fomitn^ togrUicr 
parallel rows. When a stop of the upper row is pressed dovm iho 
upon which it is placed, forms metallic communication witli tlic 
vcr^ bar below it, which is connected with one of the poles of the 
bnttcry ; and when one of the stops of the lower row i« t 
another of the longitadinnl bara forms a metallic coramunicatioa 
the other pole of the voltaic battery, and the carrcnt flows through ti 
two wires connected with tlic longitudinal bars tn wl).^: "•{ 

they maybe extended, passing up one and down the <•■ v 

they be connected together at their opposite extrcmitii-s, and aff< 
magnetic needles placed before the coils, which are intor]>o«c«l in 
circuit.* 

A second patent for improvements on tlie needle telegraph was apcciM 
by Messrs, Wheat&tone and Cooke, in October, 1 S3S ; and in July, 1 84H, 
a third patent was talccn out by the same gButlemcn for an olcvtro-mag^ 
netic telegraph, in which rtork'irori' acted upon by electro-magnsta pPo4 
ducing a step by step motion, similar to the socondii* hatul, wa? itsod, thff- 
numbor of wires being two, or sometimes three. 

(030) In his improved telegraph, Mr. Wheat-; . mc^H 

account the property possessed by soft iron of iuii >"|tii^H 

and lobing mogootic properties, by the establishment or iotcrraptioo « 
a current in a wire covered with silk with which it is surrminded. Itl 
is sufficient now to have two conducting wires between onn station an4] 
another, to be able to trauttmit all the letters uf the a1phat>ct and Htm 
figures which may be required in a telegraphic cnmmnnication. Dyl 
means of a commutator which serves to interrupt or cfitabLiali the circuiij 
at one of tlie stations, soft iron is magnetized and de-magnetiacd an ecjuUl 
nmnberof times at the other station. The commutator is a wheel tormaM 
on its axis, and the circumforence of which presents fortywiiglit portioul 
altoroalely conductors ; so that for one complete rev T ' ' i j 

tlto current is twenty-four times interrupted a»d re-ebi.: . j 

the alphabet corresponds to each of these twenty-four altematjonir; tiio soAl 
iron at the other station U in like manner magnt r' ' * d^magnsCaM 
tw*enty- four times. This altcniatc state of thema^: >AMlDiM»-aMJ 

* Swtltc fli1b R«port of lliv r»rlUtxieatar7 Committee ou Railvar* i *^^^<^^| 
Mcclmtiic^' Mag»2)ac, for 1^0, vliiob wmtaln* wi cngmt iap of H'ttcatifwic'* lnH| 
Jdegrnpli. 1 
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tion of tlic soft iron pcrmita of an oscillnling motion being given to a 
otmJI appendix, also of Boft iron, which rcsnltd fr^Jin the altoroate at- 
traction and non-attraction exorcised un it by the dcctro-magnot ; and 
this alternate movement which is communicated U^ a wheel Buccessivcly 

tgs before the observer each of the Si letters of the alphabet which 
engraved on tliia wheel. Caro must be exercised that there 13 agrec- 
[t between the letters corresponding to the alternations of the com- 
tfttor, and those produced by the alternate movement produced by 
magnetization and deroagncti nation of the ekctro-mngnut. This 
p-npli works witli great ease and facility. Suppose, for example, 
commutator pLicvd at Ay and the letter A brought to the observer 
by the electro-magnet ; (at each station they agree to anange the ap- 
paratus that the starting point 19 the same) : we wish to transmit the 
letter D ; the commutator must be movc<l onward three Alternations ; B, 
C, and D, have been successively introduced at the other station ; then wo 
stop, and D remains Bxed for an instant at the other station ; and so on 
iwr each of the other letters. A large l>ell which is struck by a j)icce of 
iron, that is attracted by the electro- magnet at the moment when 
circnit is established, serves to give the signal. It is evident that 
in order that tho transmission be reciprocal, tbcro must be a double sot 
pparatus, so that each station may possess those necessary to 
xuity and those necessary to receive the communication.* 



For tfab popular account of WheatAtone'0 improred t«lcgr«pli wc are In- 
to a paper by Prof, de la Hire, translated In the second number of Mr, 
Talnnblc " Electrical Mflgftxine." No other account has, webrUt>TC,hitberCo 
Ufthed, and wc can conllally join iu tlie fullowing remark of the Oeucreae 
ipher: " It U a pity that tw many beautiful rcBearcIica, of which Mveral are 
l4:rmlanted, receded au rare and ro iucoinpletc a publication." We shall take the 
ty of borrowing from M.de la lUve'a " Kotea" a few more reference* to the 
in of the ingenious Mr. Wh«at«itnni! : *' Mr. Wbeat«toa£ baa moreorer applied 
faamc principle to the transmlBsion nf motion to the hands of a dock, and to 
bauds arranged on a dial, in the same manner as tJioac wliich arc moved 
ly the clock ; and they progresii at precisely the samv rate which enables 
tploy only a dingle clock -mo vcment to moke many jiaira of hands Journey 
ibeif respective JiaU at places widely distant and ajmrU But the most in- 
)a«of the applications of the principle which the talented EiiBlish philosopher 
made, la In respect to tho use he bna derived from it to register meteorological 
itions. The motion of the barometer and thermometer, &c., may thua be 
latcd every half hour. The upparatoa for producing these results la complicttted 
[perfect. A mechanical motion isgircn to many parta of the appamliu ; then the 
icl uf the mercury with a fine platinum wiru placed iu thu tube of tlte mutcor- 
ical in»tnimciits closes the circuit, and dctcnninea certain mecluiniral effi'ctii, 
lean* of llie magnetization of soft iron. Tlie desired result Is ubtiiinL*d by Ibe 
tliinatioii of tbeno tffi^cta with those resulting from the movement conslanlly 
m1 ou the dilTereut partd of tbu upparutus by o mechanical forcu such oa 
motion." 
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ti tlMsr bcBS WKtAf yiiwiiNH to die ere. TIm fbOnwiBg m 
t>7'«Ui&iyan»c«Bci«d:«— Fdrlhc paper ^« ul Ui» fa^ 

•■ the citconiemee of wU^ tba kttos an pnsl*^ » tUa due 
» mbrtzfiaUd, cot 6vbb ibi drcsaiiaflne to dwooBtn^ai « 
bwr-— d- i ai tj i opB^p, tm the i i Uw i it i iu of wlucfa ty^m or 
an fixed : tU> ^rp^'*huBl iabraagkt iato ao^r i1— ijwl 

iKe paper diae b, TImi a^rt'' I p^T« m^nm^^p^^ ^ , 

Isoogbi npi w H i te il, aj^iMfc a eyfiader, r««md wfaidi st 

mat dnte of ^ia vbite paper, and of Uie bbdwMd 

Um laiaifcM writt^ i^ipantae; by Uiia BicaiM» wHbool 

J lu iiK iBc e to the type wheal, avronl dlalitM C oopia d 



(«38) The — Ihe d oT lqr»g t^o tdegtaph wtrai which waa ficift 
adopted^ rwmairiril ia ooTsiag tfaoa with cottoo careliilljr ramiabed, nd 
Ihes depeatiag than in aiaolh inn tabes, with froqaenl 
tat oMahring acBeai te the wives, and fSor the fkcUtTf oi < 

trpair. Ttie tabes, after betag c^nfuDy taned, were either b«trwd ta 

the gfoand, or fixed oa low poete and oorcnNi with a woodra niL 

Tbo total cost per mile war fitmiatrd at about £290. Jle«i& Ccii4t 

and Wbeatetoae, haye now, howercr, njected this method, aod uk«B 

out a pateotf for a new plao, by which the co«t b rcdsocd to £l^ |a 

mOe. The preaeot method of proceeding in lajiii^ dowa the iKlc^niph, 

IS fitflt to fix firmly in the grotiod, at crery 500 or GOO jvda« elneg 

posta of timber, from 16 to 18 feet m height, \>y 8 inches eqean el 

bottom, and Upehog ofi* to six by seven iacUts at top, fixed tntti ctMt 

yl!<i^ and properly strutted. Attached to the beads of these poets, mi 

% Dumber of winding apparatus, oorrevponding to the number of eua* 

ducting wires to be employed ; and bvtweeo every two of ecich poii^ 

uprigbt wooden ttandarda are fixed^ about 60 or TO yaida apart. A 

ring of iron wire, (No. 7 or 8,) wbicb has been funned by woldiaff tia 

short IcfOgths in wliich it is niado lugelbcr, b Uicn placrd u|tciB a wA 

krried on a band-barrow, and one und being attached to the vkiruI/rsS 

*onc dmw-post, the wiro ia extended to the adjoiiunjr dniw-pn«t, and 

fixed to its corrcb-pondtng winder at that pobt. By tif lbs 

ratcbcd wlicel with a proper key, tlie tviro in tJglit .^^roaarj 

[egrcv; thus tbo groatt%i accuracy may be attained in drawing Ui« 
wiio» up till tlicy bang perfectly p.irnllcl with each otbrr. To 
pirrfwl insulation of the wires at tbo draw posts, woodt-n boxca 
I>l<^>ycd to enclose thai portion of the post to whidi the windifrs 
ce Ulerarj Oasettt, I8lh June, IMI. t Spoclfled 
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attached, and small openings are left for the free passage of tlie ^*ire«, 
without risking any contact vrith the outer box. The standnrda are 
furnished with covers, either parted off by an overhanging roof between 
each wire, and again between the lowest wire and the earth, or by a 
series of metal eliields. An eye of metal, with a slit on the upper side, 
forma a hook to support the wire ; and io insulate the wire from the 
hook, a »plU quill is slipped orer the wire, on which it re^; the 
whole is then carefully painted with several coats of anti- corrosive 
paint, or ap{)halt varuish may be employed for the wires. For long 
distances, earthenware or glass is employed fur insulation. The earth 
itiel/ ia employed as half of the conducting circuit, by which one wire 
W saved in each circuit. This plan is being carried out on the Great 
Western Railway, and eleven miles of it are now completed. 

(€39) On the 7th of June, 1842, Mr. Bain patented a different 
nrthod of insulating the conducting wires of a telegraph, viz. — by im- 
IxKlding them in aspMttim two or three feet under ground j a trench 
is to be dug two feet in depth, the bottom of which is to be coated 
with a covering of boiling asjihaltum, Aolf an inch (Aick, which 
ii to be allowed to harden. The wires having been then laid on this bed of 
asphalt, are to be covered in with an upper stratum of the same ma- 
terial. The cost of this method is calculated by Mr. Bain not to 
exceed £50 per mile. Air. Cooke, however, (a gentleman whose long 
practical ejcpcHence entitles his opinion to much consideration), de- 
clare his conviction that £l50 per mile would not cover the expense of 
the asphalt bed at the lowest rate of charge that has been proposed by 
the Companies ;* and more than this, that when completed, the plan 
vould bo liable to considerable objection. ** Asphalt,*' bo observes, 
•• except at a very low temperature, is a conductor of Electricity ; cracks 
are liable to form, through which water would find its way, and a very 
few of such cracks in a distance of ten miles, would allow the whole of 
tbv £lectrii:ity to escape, and thus entirely to cut off the communication. 
Hence would nn&c a constant necessity of taking up and replacing de- 
fective parts, — that is, when the locality of the defc'ct should be ascer- 
tained by the aid of my detector. Dearly bought experience baa con- 
vinCL'ii me that no compound of a pitchy or resinous nature i>* adapted 
for this purpose, — it is either too brittle in colO, or too soft in warm 
weather, admitting moisture through its fissures in the former case, or 
miiig itself a conductor in the latter. These evils increase rapidly 
the distanco increases, becaiido the number of the battery plates (uud 
oonvequcntly their energy to overcome the partial resistance of an 
tnfcriur conducting medium,) must be increased to transmit the electric 
ourreut through the lengthened conducting wire." 

♦ Mvchttiilcft' Mug., vol. xxxix. p. lOO. 
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(640) Mr. AlrxandrT Rnin (in whose behulf Mr. FuilaisoB*^ ] 

was writUaj,) has considerably rUstiiigwtslied himaelf by ht^ iu^. i,. u.= 
ajtj)Ucation8 of Electricity to pmctical purposes. Some of the fiuta 
wliich be Una dcsci-ibed relative to the earth as a conduct- - na- 

noiil goncrator of voltaic Electricity arc new, and not unh.-- .^. ■ d 

importance in a practical point of view. A^^li1st proseonting Mfme 
cxp<iriment» with an eloctro-niaj^etic sounding apparatus, in Ihe Ycat 
1841, it was found that if the cotiducting wirea were not pcrfrctly in* 
bulatod from tho water in which they were immerecd , tlio attractive povn 
of the electro-magnet did not entirely cease when the circuit was broken. 
AVitb a view of ascertaining the tme cause of the phenomenon, Mr. lUim 
in conjunction with Lieutenant "WriRht^mode a series of experiiDenUoa 
the Serpentine river in Hyde Park, and after verifying their former oh- 
Bervatiuns relative to the remnant of power in the eloctro-magiiet wlicn 
contact with the battery was broken, the electro-magnet l^'inj^i; on one 
eido of the river, and the battery on the other, the wires paa§>Ing tkntu^ 
the river; and after making other experiments, in -which tiic water lod 
the moist earth fonned part of the circuit, and wire the remaindftr, xi 
nccnrred tu Mr. Dain, that if a positive metal were attached to one«DJ 
of the contlucling wire, and a negative metal to tho other, and if tin 
two metals were then placed iu water, or buried in the moist eiitfc 
while the connecting wire was properly inbulated, a cunrnt might b* 
generated. This was found to be the case, for when a largo auriacfl al 
copper was placed within Kensington Gardens at the one end of tk« 
river, and within Hyde Park at the other end, a siiuUar surface f£ 
zinc, and the metals connected by a wire, in tho circuit of which 
was a galvanometer, a current of considerable intensity was fuuiu! 
to be passing. The experiment was next tried on a more extrnd* 
cd plan ; a surface of zinc was buried in tho moist earth of llyde 
Park, and at rather more than a miU dutant^ a surface of onppcr waa 
buried, and tho metals were connected by a wire suspended on Uic 
railings ; when the plates were large, Mr, Bain not only obtoinnl tiic 
usual electro-magnetic effects in an enhanced degree, but also sucxccdcd 
in the performance of electrotype operations; for in tlie coorse of a few 
minutes he coated a half-crown with copper. Subsequent experimcBtl 
have showTi him that if the metals are thus buried, and cuunoctia^ 
wires are employed, electrotype depositions may be effected, anil elceiro- 
magnetic apparatus worked for a groat length of time, 

(641) Mr. Bain has patented several application* of Eleeiricitx l« 
usoful purposes, amongst others an elcetro-magneticy ''ffTAphi 
wliich, in July Ifill, was oxhibiuU and IcctuR'd uu t ;tcehii(e 
Institution, and an clftctro-magnetio clock, which wa» exhibited and 
lectured on in March of the same year: both of tho^o inainitn<mtA 
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©vincc ft very superior degree of ingenuity on tl»o part of tlie inventor. 
The printing tolcgmpli (for a full description and engraving of wliicli we 
Oiust rcfiT to Mr. Finlaison's pamphlet) conHists of three principal 
^Brtd. First, thti rotatory motion given to the typo Tvheel, step after 
Hip like the seconds hand of a clock until the rcf^uircd letter arrives 
opposite the paper. This motion, Mr. Bain ha^ ainco saperseded by a 
oouttnitoua uniform motion rcgnlated by centrifugal force. Secondly, 
the uteftns of inking the types, or otherwise making permanent the 
imprint of the typo upon tlie paper. Thirdly, the motion communi- 
cated to the paper so as to bring a fresh surface imdcr the types and 
recetve the printed intelligence in a continuous spiral line^ until the 
pftpcr is filled ; thus producing in print, precisely as in the pages of a 
bo<tk, the letterb cunipuHing the message. A jteculjar feature lu Mr. 
Baiu's telegraph, and one in which it diiTers from all others, is the aub- 
stitatiuu of icire coiU freely suspended on centres for electro-magnets ; 
these coils, within and in the vicinity of which, are fixed powerful 
permanent magnets axe deHectod as long aa the electrical current is 
passing through then», but when the electric current is broken they aro 
drawu upwards by the force of spiral springs ; levers arc rt^leased, and 
the machinery of the telegraph worked by mabsprings, are left free to 
rotate. The only battcrj* ])roposed to bo employed by Mr. Bain Ja a 
pwr of copper and zinc plates, one of which ia to bo buried in tho 
earth at one station, aud the other at the distant station, where there is 
to be a telegraph the exact counterpart of the first, and vsith this ho 
szpocts to obtain an electric current of the required energy,* A con- 
tinuous flow of Electricity through tho wire coils, wlicn tho telograph 
is not at work keeps them constantly deflected ; but when a message ia 

• Wc fear tliat Mr, Bwn will be disappointed in tbii, aboald he erect a pnir of 
his tclegrnphs at grent tllalances apart. Mr. FiiiUison, indeed sayB, (mc page 34 
of his paniplik't,) " if a copper wire one-sixth of an inch in thlcknesii, be imbedded 
in ft bar of lioiling afipbalturo, and i»ont along the railway {for ita better protection) 
frtiiti LoiiduD to Liverpool— if two toiii weight of «nc plal^^s hcimincraed in llie 
MfTfcy at Liverpool and attached to that end of tlie wire — and if « too 
weight of copf*er be sank In the rircr Thames and attached to this end of the 
wirr, no rational mon con duubt that an electric current would be established of 
len tiniest tht- power neaasary to work a ttilegmpb." Even,- electrician, however, 
knows that the rfslstance wlUcb tli* Electricity would meet witli in tniTcrsing 
tucb a Irngth of wire would he very erreat, and tliat »uch resistance conld not be 
overcome hy increasing the tizn of the battery plaU-s, but only by aildlng to their 
fium^Nrr; should, tlicroforc, the experiment be tried, is it cxcecfliDgly probable that 
huweTor carvfully the uniting wire were insulated, no trace of Electricity would l>e 
il«irciet]. Mr. Finloison, does not. howevt-r, lay any claim to tlie litl« of on 
Ian; liad lie been one he would n(»t probably hare written tlie following : 
iiol Ihi! mere contact of the cspectlve plates with moisture excite an elec- 
l*i»:ul oclJTity of the metalUfi pd' .itilM without any oJtldaUon taking place !— and 
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to be transmilUHl, Uio operator by drawing out % metal pin from - * 
iu the dial of \m inachiiK% inlorrupts the circuit and the m»clii 
put in motioQ aud continues so, until by inserting Uie pio in i 
nnder the signal which he wishes to conunumcate, the ofvmUn v.v.^^ 
the circuit and both macliines stop instantly. 

(6+2) Mr. Bain has also invented a pundnlura which is mt • 
metallic surface iu the moist earth, of no more ihaii four or fi\- x — 
he intends to apply it to telegraphic purposes, and expects by Iftf 
agency, to be able to discard wheels of any and every description, U 
well as electro-magnets. Another of his inventions is an mstrooiart 
which he calls a voltaic governor, from its power of controlhng the 
elootrio force as the governor of an engine controls the force of tlw 
steam. Hithorto, the only method of adjusting the action of the o«- 
stant voltaic battery to the work to be done, has l>een by talti^ 
advantage of the modiBcationa of a chemical character, of which tlis 
varions elements aro susceptible ; by means of Mr. Bain's instrument 
another power is brought to bear, viz. a mrc/ianicaiy and the two foroci 
are made to counterbalance each other and produce an equilibriam or 
given constant action. As our sjuico does not admit of our giving ib- 
scnptions of theso two ingenious inatrurnonta, we refer our readers to tfaf 
second number of the Klcctricnl Magazine, and proceed to givo a short ac- 
connt of another of Mr. Bain's inventions, viz. his electro-magnetic dock. 
(Gi3) JS, Fig. 234, is a back view of an ordinary clock, with a 

pendulum vibrating seconds ; i\ a plals 
of ivory afiUed to the frame of (ks 
clock, in the middle of which is iDtertfll 
a slip of bra«s in oonnoction with Chi 
positive pole of the bott«ry. To ttte 
pendulum is attaclied a rciy light bttn 
spring P, in such a manner, that every 
vibration of the pendulum brings (be 
free end of the spring into ooatact with 
the strip of brass, thus o(Hd plating^ Uw 
electric circuit, which is broken as cooa 
as the spring touches the ivoty, A 
BcricA of electric clock* may be oooaooted, 
by means of the wirea, with this dock, 
and if a voltaic battery bo indttM in 
the cirtmit tliey will ail go tc^etbcT; 

not oxidation iUelf be thi* t>aVrt, nut the c«tt»c of neb electric*! aetto*, m 
ori(^tn«tiii$ m Iho mcrv o^nUcC oi tJtr mvteU with mobturv, Uic actim bd^ 
fimtij iocrcoscil In rnrrvy vhra tlie Uqaid b scjOuUimI r The wHtcr hM mm 
khi earrsat produced throim^tt the cwth %a liuUuUiMoutlir that tlm vis mt • 
M««KRf« titmfor oridatitm,"" (!^« mmmS ^ of hit pampKlcL^ 
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Fio. 235. Fig. 235, ie a back view of ono 

of tho electric clocks, a, U an 
electro - magnet, and b its feeder 
sus|Mjndcd by a flpring, pendulum 
foshioD ; r, is a small screw to regu- 
late tho distance of the feeder from 
the electro-xnaguet. At tho lower 
end of the feeder is jointed a light 
click lever dy falling into tlie teeth 
of a ratchet wheel f ; / is a spring 
to keep ttie ratchet wheel steady. 
When tho pendulum of the clock H, 
Fig. 234, sends an electric current 
trough the conducting wire, the feeder is attracted by the magnet, 
id the click lever d^ takes over one tootli of the ratchet wheel ; 
ta the current being airoBted (by the spring F of the pcnduhim, 
le&rtng the slip of brass in the primary clock.) the feeder falls 
back into its former position, and causes the ch'ck lever to draw 
tho ratchet wheel ono tooth forward. Tlie arbor of the ratchet 
rheel carries the ge£ond» hand which is thus taken forward one degree 
?ery second, corresponding to the vibration of the clock 13, A pinion 
on the ratchet-arbor gives motion to other ainiple wheel-work which 
carries the minute and hour hands. When a large number of clocks 
to bo worked the ratchet wheel ie placed on the arbor of the minute 
\nd and is moved every minute instead of every second. An ivory 
;le with slips or studs of metal, inserted Rush with its face, oorres- 
iding to the number of clocks or group of clocks intended to be 
krked, is fixed on the face of the regulating or primary clock ; in the 
itro of this circle is placed the arbor of the seconds hand of the 
;k, upon which is fixed [a sligtit metal spring with its free end in 
contact with tho ivory circle. The conducting wire from the positive 
pole of the battery is in coimexion with the framework of the clock ; 
every time, therefore, that the seconds hand passes over a metal stud in 
ivory circle an electric circuit ia completed and a current transmitted 
tbc clock or grnup of clocks in connexion with that particular stud. 
the seconds hand pasaea over every portion of the circle onco in 
:h minute, tho whole number of clucks thus connected with tho 
lating clock will bo moved forward ono degree every minute. By 
means a Luge proportion of electric power ia saved, for the battery 
only a single dock or a small group of clocks tu work at the same 
it of time. 
(fi^i) Mr. Bain has also invented an apparatus for making ordinary 
»ck8 keep correct time ; also a method of working the electric dock 
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by the (it^flectioD of the wire coil. In coi>* ' ' Mr BarnW, 

he took out a patent for these inventions, mIm .Ah JanauT, 

1841. Op tUe 28th of March, his clock waa exhibited •i the Fulf- 
teclinio Institution." 

Fig. 23G, (5, plate 3, of Finloison's pamphlet) ehows the enMbod 
adopted by Mr. Bain for working tlie electric clock by the dt-floctitm of 
the wire coil, instead of the attractive power of Uio electro-magnet. 
Aj latk coil of ineulated copper wire, freely suspended on ectitr(& B^ 
IS a compound permanent steel magnot, immoveably fixed within the 
coil. C C, are two spiral springs, one on each side, for tho paposc of 
conveying the electric current from tho stationary conducting wire D^ 
Fio *'"6 ^° ^^° moveable coil, l'\ la a click 

knur nttached to tho coil. £, id a 
ratcliet- wheel fixctl upon Uio luiinilo 
hand arbor of the clock, and 6', a 
wheel to keep the spring steady. 
Ttio regulating clock traasmit^ tlu 
olLH:tric current to tho wire ooii, upou 
which tho left bond end ia iostonily 
depressed, and the click lever /*, 
draws the wheel £ forward one tooth. 
When the flow of Electricity from 
the regulatincr clock ia discontinued, 
tho wire-coil resumes its original 
horizontal position by the action of the spring C, If tlie clock reocivc* 
an electric current once in every second, the wheel £13 placed on the 
arbor of the seconds' hand ; but if the Electricity is only transmitkJ 
once in each minute, then tho wheel £ must be placed on the spindis 
of the minute hand. 

(G45) The Rev. F* Lockoy, to whoso kindness in directing hia at- 
tention to acveral novelties in electrical science the author is under great 
ubUgations, lias furnished this work with the following drawings of 1 
very ingenious contact former which he has contrived for the deetvD- 
magaetic clock ; the author has frequently seen it in action, and iias giMl 
pleasore in saying that it works most satisfactorily. In Fig. 237, Fig. 1 
shows the contact fonner entire ; in each figure simila.' letters refer to atiBi- 
lor parts. On tho base board A (about threo by two inches) is fixed (A 
circular box or trough B : Fig. 2 exhibits a section of this bux-wood 
trough wherein is turned the channel R H, and the ccntml part C Cf 
is Loft OS a 6olid cylinder on which to plooe rather firmly the gfa* 
tube O G, This tube, of wliich G G in Fig. 2 sliuwa the section, 

* The reader will i\m\ a full dncnptiou wllli fiogrv^iogtof Mr. DalnS 
ntagtiGUc clock in Mr. Kluliiuuu'a pauiplUet, w flrcqucxiUy AUatk4 to. 
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rmts on a nm or sbouMor just Ixtlow the rim at By wliich bIiows (he 
level to which mcrcur>" is pourcU into the channel R 7?, for the pur- 
pose of closing tho bottom of the tube And preventing all access 
of dust to its interior. Tlie glass tube is Burmountod by an ivory 
etp //, Fig. 1, cemented thereon ; tlirongh the ivory cap pass tlie 
ftWQ wires / /, fumi.^hed with screw connecting pieces for llie purpose 
of nniting tlicm wiili the p and w wires of tho galvanic battery, Tlio 
tower end of these wires terminate in two very thin and flexible copper 
fiprings, of which the lower portions are seen in Fig. 2, E F; they 
are tied together at A", Fig. 1, n piece of ivorj' being iuterpowd 
to prevent metallic contact, as well as to place them parallel to 
«icb other in the tube ; they arc tipped with platinum foil at 
J? and Fy and one of them is a little longer than the other. The 
spring /^ is so set as to have a slight tendency to advance towards 

£^ but it is prevented from 

doing so by the ivory stud /)» 

Fig. S. Part of the central 

c%'linder C C in pupposod to bo 

bri>kcn away in Fig. 2 to show 

Ut« lever (formed of iron wire 

No. !8) bent somewhat in tlio 

§i>rm EC P L, the fulcrum P 

being beneath the end of the 

take, and the part E C P 

working freely in a elit in the 

rvGndnr C C If this contact 

breaker is intended to work 

ao eledro-inagnotio clock, it is 

»o placed at the side of ilie 

central or regulating chick, aa 

that tho pendulum ^fA^O, just 

before it swings into a f>or- 

pondiculor position, shall begin 

to act on the lever at Z. 

During the remaining half of 

its vibration towards tho right 

hand (in the figure) as well as 

during the first half of its re- 
turning vibration towanla tb« 

left hand (see Fig. .3) it will 

niahttain rontij£t between the 

free or platinum ends of tho tprin^ E and F; during the other two 

halfHof its TibrationB, the lercr ii unaeted upon, and the springs return- 

c c 
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isig to tlieir jtarallelistn, contact is broken and the latt ^ - ~s. 

Suoh an instruuK'Ut doos Dot mipcde tUc action of i v. I.ich 

it 19 applied; Mr. Lockcy'e bad been upwards of six moDths in cotiUntiuiu 
use and acting with unfailing accuracy, wbtai the author 6rat saw iu* 
(646) J!r. WheatGtono's electro-mapietic clock wlkich was exhibited 
and ejcj)lained at the Uoyal Society, 25Ui November, 1840, la Uius coft- 
etructed : all tlie parts employed in a clock for maiutainlog aud regQ> 
lating the power are t^tircly dispensed with. It consista aiaipl; of a 
faco with its second, minute, aod hour hands, and of a train of wbeds 
i^hicb communicate motion froiti the arbor of the aecond':^ baud to thu 
of the hour hand, in the same manner as in an ordinary clock tnmi -, a 
small electro-magnet ia caoaed to act upnn a |)cculiarly constraetcd 
wheel, placed on the second's arbor, in such a manner that whcoera 
the temporary magnetism is either produced or destroyed, the wbvtii 
and consequently the second's hand, advance a sixtieth put of iti 
rovolutiun. Ou the axis which carries the scape wheel of the prioury 
clock, a small disc uf braas is fixed^ which is dirided on it« circma- 
furcnce into sixty equal parta ; each alternate division is then cut osl 
and 611ed with a piece of wood, eo that the circumfercnc« ooasirti ol* 
thirty regular altemntiona, of wood and metal. An extremely light biwi 
spring, which is screwed to a block of ivory or bard wood, and which 
has no connexion with the metallic parta of the clock, rests by its Ac* 
end on the circumference of the dh*o. A copjwr wire t^ fastened to Uw 
end of the spring, and proceeds to one end of the wire of the eledro- 
magnct; while another wire attached to the clock frame is omtsnufd 
until it joins the other end of that of the same electro- magnet A 
constant voltaic battery, consisting of a few elements of very EmaU 
dimensions, is interposed in any part of the circuit. By tliis arranzc' 
meut the circuit is ]>criodicalIy made and broken, in consequence of thit 
spring resting for one second on a metal division and the next second on a 
wooden division. The circuit may be extended to any length, and aoy 
nnmber of electro- magnetic instruments may be tlma brought bto 
sympathetic action with the standard clock. It ia neceaaary to obcerve, 
that the force of the battery and the proportion between the 
tlie clectro-magiiettc coils and those of the uther parta of tlie 
must, in order to pruduce tho maximum effeet with ike leofit expenditv* 
of power, be varied to suit each particular caae. 

AVe must here tcnninatc this bnif sketch of tho applicatioos w 
have been made of tho electric fluid to useful purposes. i 

• Tlie ciwtof working iin Etectro-nia^tiftic clock, r 
serv«lirtii«, U umler o iwnny |i#t wtck, llie Ituttcn cnij 
comtrucllon, itlatiiiUeil •liver 3^ inches •qaMc, aix 
wiUi ^ partuf nulpliurlr ami. Such a Iwtterj Mr. T^ i- 
for fourteen daya witbuut b«jng Interfered wiflt* 
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EWtTO-dynnmio and magDcto-eloctric inducUon — Terrestrial in«gBet»-«lMtrla 
imliirtion — Electrtc spftrk tnm a ma^ct^Dr. Ritchie's method of detonating 
oxyi^rn aud hydrogen gases by the maf^ietic spark — ^The mafpieto-vlectrical 
uiachlne — Saxton's improved instrument — Clarke's large machine — Woolrtch'i 
afipHcation of ihc magneto-clrctrical machine — Theory of the magneto* ulee- 
il machine — Secondary cummts — Experiments with a ribbon coll — Professor 
tenry's experiments on inducc^l electrical currents — Induced earrcnts from the 
diwrhargv of a Leyden phial— Electro-magnetic coil machines — Dr. Bird's con- 
tact breaker— Different forms of the electro mngnetic coil machine — Tlie scin- 
ttUating circle — Lockcy's water reg^ilator — Henley's electro- magnetic coil 
-Thcnno-electricitj — ^Thcrmo-battcrj'^Dr. Andrews's experiments on 
k-CDTTents* 

(647) Si^ctro^ynamie and moffntto-tUeirie induction. — When a cqt- 
MDl of Electricity from a single voltaic pair (241) is sent tlirongh a 
metAllic wire, it induces a current of Electricity in a second wire placed 
Hoar the first, at tho moment that contact with the battery ia made, 
and when it is broken ; but while the Electricity continue to flow 
through the first wire, nu inductiro effect on tlic second wire can be 
penseivod. Tho force of the induced current is stronger on making, 
than on breaking battery contact, aud its direction in one caao the 
wei Be of the other. Hy arranging a length of about two hundred 
feet of copper wire in a coil round a block of wood, and a second 
dmilar coil as a spiral between the coiU of the first, metallic contact 
being every where prevented by twine ; by connecting tlie ends of the 
MOOnd coil with a small lioUx formed round a glass tube, in which was 
|>laeed a common sewing needle, and then causing a current of Electri- 
dty from a voltaic battery to pass through the first coil. Dr. Faraday 
found that tho needle became a magnet, provided it was removed from 
tiM helix K'fore batter)'- contact waa brokcu ; if, however, it was 
•llowcd to remain, its magnetism was entirely or very nearly destroyed. 
If tho needle woa introduced into the helix a/ler battery-contact had 
been made with the first coil, it acquired no magnetic pro|}L*rties tinlesa 

c c 2 



[AeXVTO-BUECTUCXTT. 



•Dovrei to 



till battetT-eonUct wns 




A ungnet, Uiongli widi its po-les in a coottary •' 
&ttl, Uitts iiforing tkat it b onlr ai the immieot of ib.: 
ing iMttarjr-eoBtaei tkiftt a caitvnt of Klcrtrioitj U u,^.....^. 
fleoottd oofl, asd that the directkm of tlie iinliacv^ currt'ut b opposite ia 
tbctwocMta. 

(tfi^) l^ ittrtead of eaSag the wiics roaad a Uack fkf wood, tfar 
arc anan^cd nmnd a ring of iron aa ikowQ Sti Fig. S3S, vrberc U aaJ 
^ II |m 1 III the ocNBpoond heUes, betng p.. «4g 

Wf iitiiit hf abovt half an idcIi of uv- 
cofcnd iron ; a ctLnmt of Electricttv from 
battenr sent through one Helix A , in- 
a carrcot in tha aecood helix i?, 
mmn pwnwiff al than when Uie ar- 
ia rmnd 'vroul, tut only 
nakiag and hicaking contact as before ; if the hatt«r]r be large, ft 
maf be perorived betw«afi cfaarco&I potiit!* Coatencd ta tht 
of ^ ai tha iMMncat of making, and amuetimeB, tliotiKb not oflm, 
brakiiBg eontaei with the battcrr, but sevGr while a cootiiiiawi 
M pwiiiwg throagb A, 
(CM) To |«9W that the iacraue*! inductive power ia oFcasioord 
the iroa aad ia noi a oommoa effect of metals an arran^mftiij 
of o*pper win maybe wtm&d rvxind a IimIIuw cylinder of 
w fXrbr ia i d^ and the power of tlio iiidiicvd current tertf 
the htfieeg ah MW ; then, after iwniing a bar of co]ip«*r, kad, 

eznepi iron and perhaps nickel, in tlH> axis of 
r^ no tthet btynad that of Uic brlice« alone will be found 
b«t wHmi a bar of soft iron is inserted, the |iuwer of 
will be fdond to be sar|>h«ing]y iocrvasod. 
(•SO) llj the fDllowixfcg beaatifql experiment uf Faraday.* tha 
of wfA'naij ■ajarfi to indote rloctrical cnn> 
of any galvanic arrangement, i« cUrarly 
e o wpo nn d hetis woood rmwl a cylinder uf paatebuaid waa 
with a gdnuionMtcT (6S2) by two copper winMi, cad '' ' V 
\hmffk^ a «A iros hat waa Entrodnccd into tto axis ; a C" 

[Mta. facb twentylbar indias hing« wctd anrongrd with their 
ftikm al ««• end in cootaai, •» as to resemble a liorvc^^ - -^ "■ 
Ihm Miatnei luade bet aw the ulUer pelr^ and thr 
- -• at to eonvcet it into a magnet, m» »liown 



.^...^ '.:»« 



magnetic contact*, oe nreer wng tliein, tt^ 



of Ute iron cyHnder conid be diatiujud nr iv?rrwd at plcnrare. UpOi 
Making inagnctio ooolact, the wvdlc waa deflected : euntbiutng 
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OBiaot, the nocdlc b(>canic intlifTcrent And rcautncd its firat poaition ; on 
reaktng contact, it was again dctiectod^ but in the opposite direction ; 

Fig. 239. 





IKcn it again became indifTorpnt ; when the maguetio contacts were 
vtTwd, the deflections were reversed. In order to prove that the 
ducod electrical cm rent was not occasioned by any peculiar ofl'ect 
,ktn); place diirinj; the formation of tlie magnet. Dr. Faraday made 
luther experiment in wliich soft iron was rejected, and nothing but & 

)Onx)aDent steel magnet employed. Tlie ends of the compound helices 
ing connected with tliu galvauometcr, either pole of a cyliiidricnl 

[nagiiet waa thrust into the axis, as shown in Fig. 240, tlie needle of 

ihe galvanometer was immediately deflected, Fia, 210. 

tot soon resumed its first position ; on with- . 

drawing the uiagnet a second disturbance of j 
ftio needle took place, but in an opposite diieo- 

OD. 

(651) Wlien a powerful magnet is employed, induced electrical cur- 
rents are evinced by the galvanometer, when the helix with its iron 
eylinder is brought near, but without touchitig the magnetic poles : and 
by experimenting with the large compound magnet belonging to the 
Boyal Society,* Faraday was able to throw tbo needle of the 
galvanometer 80*^ or 90° from its natural position by placing the copper 
hdix vit/toul the iron cj/iinder between the poles ; and by using an 

nned loadstone capable of lifting about thirty pounds, he euocoedod in 
poiCfrftiUy convuUing the limbe of a frog by the induced electrical 
enrreot. 

(652) Tlie discovery of M. Arogo of the influence of various substan- 
ces nn the oscillatittns of tlic mnpnetic needle, and the experiments of 
3!r. Uahbago and Sir John Ilerschel on tlie supposed development of 
magnetism by rotation, have been describcil (518 et seq.) The cxperi- 
inenta of the French philosopher led him to the conclusion tliat all sub- 
•tancofl whatever exert an iniluenee on the needle when made to rotate 
in a piano parallel to it, or vice versS ; but Mr. Dabhage, and Sir John 
IIcr«chel could only obtain the effects with bodies that were good con- 

* TtiU iiiHgnct 18 twniposml of obaut 4.>0 tmr inii(ncl!i, enrh Rl\oea Inchifa loug, 
w*nr Ittrti wdtp, ond half un Iticli lliir.k, armnLcM in u box »o as to pmrnt nt ono 
of it» nxln.'iiiU»ii two extcTiml fiolc*. It ivquirrft n force of nearly one hunitrrd 
Ikonnd* lo break tlie eoaUkCt of nn Iron cyliiirler three- quarten of aii \m\\ In c|t»- 
iQtl Iwelre Iiielwt long, put acroM (he poles. It formerly beluageU to Dr, 
Knighu 
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ductors of ElActrictty : they refer Uie phenomenon to magnetiaB 
in iliQ pkte by the magnut, — ilio eaecntlal circuntfUnoe being 
the revolving substancv eluill acquire and lose its magneiuSD in 
time, — to on aHractirc force. Aiago and Ampere, on tbe otUci hmd 
conceive the action to be always repuhnve. 

(053) Faraday was, however, the first to demonstrate that a 
nent current of KlecLricity may bo produced by ordinary magnets. £)§ 
241 represents the form of apparatus employed* A copper 



Fig. 241. 




mounted on an axis, is furnished with a handle for giving it motkia ; 
«T If, are conducting wiree» — the one retained in perfect metallic coi 
-with the axis, and the other with the circumference of the disc. A 
powerful horse-shoe magnet is then placed so as to allow of the xwoltH 
tion of the disc between its poles, and the wires ir «r, are ooaneoted witli 
the galvanometer, g ; the wire w, is retained on the <drcumfcreae0 
the disc, at the point between the poles of tbe magnet. AW 
machine is made to revolve from right to left, a current of 1- 
from the centre to the circumference is determined in tho directiuo i>i 
the arrows, and the galvanometer isdefiected accordingly. If thu revo- 
lution of the disc, or the poles of the magnet be rcrorscd, tlie eleotrM 
current moves in an opposite direction : — while the plate ks a4 
Uiere is no dibturbancc of the needle of the galvanometer* Tbe 
effects are produced when electro-magnets, or coils of wire on 
tutcd for the permanent ma^etic polea ; and when instead of omplo; 
a circular disc of Tnetal, a strip of copper plate is pUoed botween U 
magnetic poles, while two conductors from the galvanometer ar« hM i 
couiact with its edges, a current of Electricity is* shown to bv prodQ< 
by simply drawing the slip of metal between the poles nf the ma^ieC. 

(R5t) 'I'he faw which governs the evolutions of Elcctrvit}' by fnjy 
ncto*electric induction, U thus illustrated by Faraday.* If in Fij. 24^t 
rtmiftiLnl Ttcsrarcho, 114. 
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P N, represent a horizonUl wire paasing by a 
mArke<l magnetic pole, so that tlie direction of 
iu mntloii shall coincide with the curved line 
proctxrding from below upwards ; or if its mo- 
tion parallel to itst^lf bo in a line tangential to 
the curved line, but in the gt-neral direction of 
tbo arrow'si, or if it pass the pole in otlier direc- 
tions, but so as to cut the ntagnetic curves in the same general direction, 
or on tho same side as they would be cut by tbo wire if moving along 
dotted curved line ; then the current of electricity in tho wire is 
P to N. If it be carried in the reverse directions, the electric cur- 
rent will be from N to P; or if tho wire be in the vertical position 
P' N' and it bo carried in similar directions, coinciding with the 
dotted horizontal curve so far as to cut the magnetic curves on tho 
■ame side with it, the current will be from P' to N'. If tlie wire bo 
considered as a tangent to the curved surface of the cylindrical magnet, 
and it be carried round that surface into any other position ; ur if tho 
magnet itaelf be revolved on its axis so as to bring any part opposite to 
the tangential wire ; still if afterwards tbo wire be n»ovcd in the direc- 
tions indicated, tlu; current of Electricity wUl l>e from P to N ; or if it 
be moved in the opposite direction, from N to P ; so that, an regards the 
otiona of the wire past the polo, they may bo reduced to two, 
tly opposite to each other, one uf which produces a current from 
to N, and the other from N to P. 
The same holds true of the unmarked polo of the magnet, except tliat 
if it be substituted for the one in the figtirc, then, as the wires arc moved 
in the direction of the arrows, the current of Electricity would be from 
N to P, and when they move in the reverse direction, from P to N. 

(655) The direction of the current of EKctricity which i3 excited in 
A metal when moving in the neighbourhood of a magnet is thus shown 
to depend upon its relation to the magnetic curves. Faraday, with bta 
osnal hap])y method uf illustration, has given us thij popular expression 
of it. Let A B, Fig. 2't3, re- 
pnrscnt a cylinder magnet^ A 
being the marked, and B the un- 
marked pole; let P N, l>e a 
silver knife-blade, resting across 
ibe magnet with ita edge up- 
ward, aud with its marked or 
uotchod ftide tt>ward8 the pole, 
A ; then in whatever direction 
or position this knife be moved, edge foremost, either about the niarked 
or unmarked pule, tlie curreot uf Eleotricily pioduccd ^V&Vm: Vvaas^ V v» 



^T*to 




ircaa A, :i' ■-. ■;[ -i 
tlic UU-..-1- '■" ■! 'i 
Uie enrrcflt wtll befnrni 

▲ fittfe CDcMiel b cmIj 

a £Ui pieMfor 

«Bd of the cjrlUa' wilb 

« bafe a the Uade lor the magnetic 

Fa^Ay; thea, va. limt when tt pieBe 
hiAwai the MppOMtie pula «C 

orth« 

M deua bjr Babbagt 

the MtppoaiiMM 

U a p«b of the appottCa kM 

^ the Mighhouhooa 
from titt 
to tbeoeatiUft ift 
17 the aaiBtf m ta 
«« hftv* eooi (3A 3 ), u« goYccMd 
-tf a win i» .V. Fig. 244, be en- 
etidi «f e Toltak 
frottP to 
ok JThe pieeMl near the wiitv 
the pole wa mew ia a dbve- 
le the win that t« towanis the right, aoi 
\f l»«udi the left, eooofdbf 
of ihr anowL So abe when a plate of 
to mate health a ■^gaeiifi pule (iappoei 
aa itr pefeX a nbei of cnneata ef EleolrUly w^ pe» 
the eeatxe to the csiduJrnaoe ef the plate, if it is roUlxog m the 
lectiaa of the kaada of a watch, or bvm the iiiiMimliniBii to tlw t 
If it iantatiBgia tbeeoaliar7firrctMm;aad h ia ai oooo eridcat 
aooixding with the ahove law, both vmfftti and phUe rnnvt novo in the 
difectioa ; it Lt abe eiidnt vhjr t^ pbeaoamai wmm when Iba 
aad metal are hioogbi to teat, for thca the dcctrieal cartMita 
the tIfccU cf a aolatioB of the eootiemtT' of the ^ec in Um 
neata of Babhage and Uenchd (520) an- TiVcniw 
rxplaiBed. 

(057) Terrestrial mtujnftQ-tlfctric inJuction, — Wivca a tufi inia 
in the dirocuon of ilie iniignotic nurriduiOr and indined 
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position of the dip of the necille, it becomea a temporary mB;;net, tlie 
lower en<l acijuiring the pro[>erti<» of the north pule (5'i3); if the bar 
he inverted its pularity is at the ttimie titnu chaiigt'tL Faraday took a 
soft iron cylinder, and having carefully deprived it of all trocea of 
inAgnetivm by heat, he placed it in the nxts v( a coil of wire, the ends 
of which were connected with a gah-unonieter hy wiresi ei^lit feet long. 
Tisc coil WAS then held in the Line of the dip, and tlieu suddenly in- 
▼crtc-d ; the needle of the gnKanoineter was immediately deflected, 
proving that a current of Klietricity was evolved by means of the mag- 
DrtUni uf the^luliu; he nfttTwariin succeeded in obtaining iiidicationa 
of Electricity tcit/tout tAt* iron cyl'tmler ; and hy causing a circular plate 
of copper to rotate in a horizontal plane, electric phenomena wore pro- 
duced without any other n>ngnct than the earth : when llie plate wa4 
revolved in the same direction a« the liundd uf a wateh move, the ounent 
of Electricity was from tlio ceotro to tlio ctrcuDifcrcnce; when in the 
contrary direction, the current waa from the circumference to the 
centre. 

(ff58) A new electrical machine waa thus formed, differing re- 
markably from the fxtmmon machine in the circumstance of the plate 
being a most perfect conductor, and in the absolute necessity uf a good 
conducting conmiuuication with the earth. When the plate waa re* 
volvcd in the magnetic meridian no electrical effects were developed, 
and they became most powerful when the angle formed by the plane of 
the phUe with the dip was 00°. It was likewise shown by Faraday 
that a current of Electricity is produced iu a wire by merely moving it 
from right to left, or from left to right, over a galvanometer, and bo 
states it to bo a remarkable consequence of the universality of the 
OOagnetic influence of the earth, that scarcely any piece of mctul can be 
moved in contact with others, either at rest or iu motion with difl'erent 
Velocities or in varying directions, without an electric current existing 
within them ; further researches likewise proved tliat the currents pro- 
duced by the magneto-electric induction in bodies, is exactly pro- 
portional to and altogether dependent upon tlieir conducting power. 

(6510 By the aid of the diagram, Fig. 2i5, the relation between 
volta-cleclric and niagiieto-electric induction may eaaily be understood. 
Suppoi»e an electrical current to be passing through the middle wire 
from P to iV, this wire is surrounded at every part by ma^nHiC curce$, 
diminishing in intensity according to their distance from the wire, and 
wliicli in idea may be likcued to rings situated in planes perpendicular 
to llio wire, or rather to the electric current within it. The dotted rings 
may repreeent the magnetic curves round the wire ^V /*, and if small 
magn»jtio needles ho placed as tangents to it, they will become arranged 
an io the hguio. Out if instead of causing the uecdiea to be influenced 
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by an olectric current, Ihcy are acted on by mngneta, then in order thjt 
Uioy shall take tip tlie same position as before, the tnngncts tnnst be 
placed as shown in the figure, tho marked and unmarkiMl pnlcy d i 
above tlie wire being in opposite directions to thoec a* h' l>e]ow it; in 
Ruch a potiition, therefore, the magnetic curves between the pttlea a i 
and a V have tho same general direction with the corresponding parU 
of the ring magnetic curve surrounding the wire N P carrying tli« 
electric current. Now if a second wire f? n be brougiit near the wire 
carrying the electric current, it will cut an infinity of ma;riietic earm 
in the same manner as it would the magnet curves if passod Fntm abuve 
downwards between the poles, and tlie electric current induced in tlie 
wire will obviouisly be the same in both cases ; if the wire p n' be carried 
up from below, it will pass in the opposite direction between the ma^ 
netic poles, but tlicn the ningnctic poles themselves are reversed, ooin»- 
qucntly the induced current ia ia tlie same direction as before; it k 
abo for equally evident reasons in the same direction, if produced by tliA 
influence of the curves dependent on the wire. 

(660) Electric njfark from a tna<;iiet. — Farnday first obtained a 
from a temporary or electro-magnet in November, 1831; but the 
person who obtained the spark from a natural or pcrmaDcnt magnet ia 
this country, was Professor Forbes of Edinburgli ; tho experiment vria 
made on tho 13th of April, 1832, with a powerful natural magMl 
capable of supporting 170 Iba^ presented to tho tTnivotaity of Edin- 
burgh, by Dr. Hope.* The arrangement of the apparatus is shuwu 
in Fig. 246. A is the magnet ; a 6 a cylindrical collector of soft iron 
passing through tho axis of the helix c, and connecting the poles of tlu) 
magnet ; accuracy of contact was found to be of considerable Impoft* 
ance in the success of the experiment, and one side of the cylinder ntB 
carefully formed to a curve of about two inches radius, for ihi< par* 
poae. Great advantage was found from a mechanical guide ni4 
ropr«sentod in tho figure to enable an assistant to bring up tho oocmocior 
rapidly and accurately to the magnet in the dark. Tho bvlix r, cou- 

• ThKjirrt ipflrk w»i» obtolnu*! Iiy Profrfsor For»ic» ou the W>th of March, fl 
appears that tlie first d(Mu»iiftit, givitig an ftocounl of Uiu «xcil«tioa ot • tpvii 
fWkm a permanent ina;]rT]L.t, i* lij Sigaor Noblli, ami uetbat (Ul«d frum tJ>« Um- 
H-tjm at Florence, 3]»t Jan. 183:f. 
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sistcd of about 150 feet of copper wire, nearly one-twentieth of an 
inch iu diameter, seven and a lialf inches long^ and containing four 
layers in thickness, which were carefully separated by insulating parti- 
tions of cloth and Fig. 240. 
»ealing'wa.x. The 
one termination d e 
of the wire pas«:d 
into the bottom of 
a glass tube A, 




ludf filled witli 
mercury, in which 
the wire termi- 
nated, and the pu- 
rity of the mercu- 
rial snrfiicc was found to be of great consequence. The other 
extremity/, of the hulical wire communicated by means of the cup of 
mercury i, with the iron ^\ire g^ the fine point of which may bo 
brought by the hand into contact with the surface of tho mercury in ^, 
and separated from it at the instant when the contact of the connector 
a h with tho poles of the magnet is eflected. The S])ark is produced 
in the tube A. 

The success of the experiment obviously depended on the synchron- 
ism of the production of the momentary current by ojnnecting the 
magnetic poles, and the iuterruptiou of tho galvanic circuit at the sur- 
face of the mercury; with a little practice, Mr. Forbes was able to 
produce for many times iu succession, at least two sparks of a fine 
green colour, from every three successive contacts, 

(Gttl) The magnetic spark maybe produced with great case and 
ccrtiiinty, and with a magnet of moderate strength by employing the 
little arrangement shown in Fig. 247- It consists merely of a cylinder 
of soft iron, round the centre of which is wound a few feet of small 
Fio. 247> insulated copper wire ; to one end of this wire b 

^^^m^^^ soldered a small diso of copper which is well 

^^^. ^^^^ amalgamated, the other end \% bent up, tho point 
^^'^^^^m cleaned and amalgamated, and brought into contact 
II with the disc. On laying this cylinder across the 
^^2~^4^ poles of tho magnet, and then suddenly breaking 
^^^^^Hf contact, the point and the disc become separated 
^ at the same lime, and the spark appears. An- 
other excellent method of showing the spark from a single pole, and 
which is well adapted for the lecture table, is to mount a strong bar 
magnet (about two foot long) horizontally on a stand, to wind eighteen 
or twenty feet of wire, the ends of which are prepared as in the lost 
omuigcmcnt round a piece of wood, through which a hole is cut lar^ 
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igh tu iBow the end of tbe mtgnHie bar to wofk freely, npi 
boraontAl motion is tbcn pven to the cmI by nicaiu of a n 
wbed, ond contnct between the point Uid disc U broken by li.^ ..... .*r 

the bw striking a anmll iiiece of wood looaelT' plaocd at ono «k1 of llie 
aperture in the wood, tliruugh which one end of the c<j;i .««§. 

A series of sparks which, if the tzitijrnet is puwerfuL, axv : ; 
appear with such rapidity aa to keep up a constant light. 

(t>(t2) In the fourth Toluuicof the London aii-l * r* " 

cal Magazine, page 104, a very siuiple method ct <ir« 

oxygen and hydro^^oii gases by the magneto-electric «park waa d 
by tlio late Dr. Ritchie. It form» on excvUent cUss cxjterioivaC 
Round the soft iron hfter of a lioiK^shoo magnet capable of carrytnf 
fifteen or twenty pounds, ten or twdvc f*¥t of insulated mpjier not an 
wound. To the ends of the coil two thick copinr wire* Ar« lo le 
»uldered in ortler to form a complete metallic circuit when IIm lifter k 
Ui contact with the poles of the magnet. The roagnrt is mountol, 
poles upwards, on a wood stand, liaving a pillar with an arm or lafar 
puamg through a mortice in the top of it, for the purpose of removitig, 
by a sudden jerk, the lifter from the jK>Ie» of the magnet. lu frail 
of the magnet a glass tube is fixed, having its top cloaed by a cap af 
box-wood, through which the copper wires soldered to tbo extremities 
of tlie coil pass, as near air tight as pottible, into the gUm tube; the 
end of one wire Ixnng Fro. 248. 

flattened, is bent at right 
angles and well amal- 
gamated. Tlic other, 
which is straight, can be 
brought down or re- 
moved from it by means 
of the lever. The whole 
arrangement w ill be 
readily undorstood by a 
eirnple inspection of Fig. 
248. The mixed gases 
are introduced into the 
tube O by means of a 
bent or flexible tube. 
On giving llie lever J^ 

a miiiLrt blow with the |»a1m of the hand, the iron llfW A B U an^- 
dutily ronioved from the poles of thu ningnet, a current uf 
[inductil in the coil, contact between the wires in the tube t, m uro^i-n, 
spark apjiears, and the gaces arc irnmodiatoly explode*?. 

rh« MojjnctQ'Elix'trical Matching. ^-IXm fir-t tu 

at is. an matranK-nt bv which acuntinuuu^ ...).; ..*• »ic- 
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of sparks could be obtained from a permanent magnet, was 

cntocl by M. Ilipdlyte Pixii, of Paris, and was first made public at 

meeting of the AcaJ6mic dc4 ScUncen^ on Sept, 3rd 1832, A 

ription of this invention will be found in the Aniiale$ tlt'g Chimie^ 

July, 1832, and a representation of it in Becquerfl's Traite de 

Iectricit6, vol. iii. With this machine, furnished -with a coil about 

UO feet in length, sparks and strong uhocks were obtained ; a gold 

f ^Hectrometer was made to diverge, a Leyden jnr was weakly cliarged, 

d water was decomposed. 

(6(i4) At the meeting of the British Association at Cambridge, in 
ne, 183«'J, Mr. Saxton exhibited his unprovemont on Pixit's machine, 
^d in the August of the same year, a largt> instrument on the new 
con;*truction was placed in the Gallery of Practical Science in Adelaide 
Street, With this machine were exhibite<l, the ignition and fusion of 
platinum wire, and the excitation of an electro-magnet of soft iron ; 
and in Decenilwr, 1835, there was added to the instrument the double 
^^bmnture producing at pleasnro either the most brilliant sparks, and 
^^Hrongcst heating power, or the most violent shocks, and efJ'ecting che- 
^^■dcal decompositions. Saxton's machine differ? principally from Pixii's 
' in two resjH'cta : first — in M. Pixii's insitrument, the magnet itself 
revolves;, and not the armature ; and secondly, the interruptions, instead 
of being produced by the revolution of points, were made by bringing 
one of the ends of the wire over a cop of mercury, and depending on 
Die jerks given to tlie instrument by its rotation for making and breaking 

[Be contact with the mcreury.* 
■ (GG5) In the Philosophical ^Magazine for October, 1836, Mr. E. M. 
Clarke describes his ingenious arrangement of the magneto-electrical 
machine, in which the battery of inagnfta is placed in a vertical, instead 
of a horizontal position, whereby vibration (known to be bo injurious to 
kgnet^) is materially lessenwl. Two snfl iron armatures arc employed ; 
one is covered with *0 yards of thick copper bell wire, and is used for 
quantitff effects, such as igniting platinum wire, magnetizing iron, pro- 
ducing the spark, deflagrating metala, 8:c. ; and the other, the iron of 
which is only half the weight of the former, has 1,500 yards of fine 
insulated copper wire on it, and is used for the exhibition of those 
effects usually ascribed to intensity, viz., giving the shock, and effecting 
chemical decompositions. 

(666) In the last Edition of this work, Mr, Clarke's mngneto-elec- 
fee-machine was fully described with engravings ; and we avail ourselves 
Wt the present opportunity to give publicity to the instrument of Mr. 
lurton as now constructed. Fig. 24.0 represents theoomplete machine, and 

■ * A 'IrBcriptioii an»I euirmvtng of the machine lU-pttftiteU by Mr. Sftxtnn In the 
beUitlc Gallery, in Aug. 1833, (and wtierv it insy itUl be *cen)jWill bt; found in L. 
Ba E. Pbll. Maff. vnl. Is. p. AGO. 
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Figs. 250» 251, 252, 253, 25'*, 255, show the different arrangements and 
eir application to illustrate various phenomena, The letters iu Fig. 24i), 
wer to tlie same in the othoT figures. A, is a compoiiutl horue-bhoo 
maj^et, composed of six or more bars, and supported on the rests, &, «, 
which are screwed 6rmly on the board, B D ; into the rest, e, ia screwed 
the brass pillar, r, carrying the hirgo wheel, /, having a groove iu its 
circunifcrvnce, and a handle by which it can readily be revolved on ita 
axis ; a spindle passes from one end of the magnet to the otiier between 
the poles, and projects beyond them abont three inclies, where it ter- 
ininatoB in a screw at /<, to wliich the armatures to bo described imme- 
diately are attadied ; at the further extremity is a small pulley, over 
which a gut band passes, by means of wliich, and the multiplying 
wheel, yj the armatures can be revolved with great velocity. 

(607) The armatures or inductors^ as seen at F, are nothing more 
than electro-magnets ; two pieces of round iron are attached to a cross 
piece, into the centre of which the spindle, //, screws; round each of 
these bars is wound in a continuous circuit a quantity of insulated cop- 
|kor wire, one end being soldered to the round disc, i\ the other connected 
with the copper wire passing through, but insulated from it by ao 
Irory ring. By means of the wheel and spindle, each pole of the arma- 
ture is brought in rapid succession opposite each pole of the magnet, and 
that OS near as possible witliout absolutely touching. The two anno- 
turas differ &om one another. Tlie one termed the t/uantiif/ armature 
is coiii<tructed of stout iron, and covered witli thick insulated wire. 
The oilier, the intensity armature, is constructed uf aliglitcr iron, and 
covered with from 1000 to 2000 yards, according to the sixo of tlie in- 
strument, of fine insulated wire. 

The quanuty armature ia adapted for exhibiting the magnetic spark, 
inducing magneth^m in soft irun, heating platinum wire, &c. Tlio in- 
tensity is best adapted for administering the magnetic shock, (which 
Crpro only a moderate sized machine, is so powerful, that few will ven- 
ture to take it a second time,) and for eflccting chemical decompositions. 

(608) The Flootl Cup^ is that part of the instrument to which the 
different arrangements and apparatus used to illustrate various pbeno- 
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■icna are atlaHied. T)ie one licfc iqm wn i w l can be xKm4 citlMr 
or withnat incTmry : it cunsisU n( a Mpnre UoeV nf wttod POfipoi U rf 

a stAnU capablr of bfin;: raiscJ or lowenMl to Ur 4|iiirv<i. T«« 

boUowB, r and «, are made on tbe top, into vUu i;y ii put wim 

thai roodium ia required ; tlie ronod metal due, t, Fig. 249, rrTolrra ia t, 
and t)ie point, A, jiist dips hilo r / tlw wire fork, n, coaD«ct» the tK-o 
flvods i;f raercory together. On revolving, tlie anoatorc coatact in c«n- 
tmually broken and renevred at tbe point, L, and a roaet brDlaak me- 
oesaiafi of eporVa, furming almost a oontiimoQa li^bt^ ia produccKl. 
|Mecca of stunt braas, m, bent at two rigbt aogka, are fixed to tbe 
of ibc wood block, bat in^alatcd from each other ; to Utoee are attacM 
binding screws, which aoawer in every respect the same pnrpoac aa the 
mercury. 

(GG9) Fig. 250 exhibits a «mal] eloctio-magnet, conncctdd wiUi thi 
apparatus. A imiall roller, », attached to a apting, preaaoa %m the cm 
cramferesee of the metal disc, i, at tlie same dnie a bait pieee of wifi 
is fixed by the binding ««rcw, />, into the centre of the copper pfai, thi 
terminating wires of Uie electro-magnet being connected with tM 
binding screws, qg. Fig. 251 exhibits the arrangement for 
tinum wire, which is enclosed in a small glass tube. Fig. 25 
arrangement for igniting cliarooal points, the break piece, y, beio^i 
to the copper pin, and a wire spring inserted into the binding 

by this means contact is broken and renewed, as with lb*- 

points shown in Fig* 240. Fig. 353 illnstratee tlie method • 
water. Fig. 254, the combustion of steel by inserting a ptoov of 
one of the binding screws, ^ y, and a email file into the other « c 
turning the wheel of the machine, and drawing the wiro over U 
surface of the 61e, brilliant scintillations areprodaoed. Fig. 255 cxhtbt 
the arrangement for administering the magneto-electric shock, ae • 
represent two glass cups containing a little acidulated water, into tlici 
the fingers or hnnds arc to be dipped ; a small metal bottom oonnM 
them with the binding screws, one of which is connected by a wire wi| 
the f(irk, n ; the other is inserted into the centre of the copper pio : < 
turning the wheel the magneto-electric sliock is communicated. 

(C70) Tlie magneto-electric machine is certainly oneof th««ino«t t»f«nt 
ful and instructive inbtrumenta of modem ecioncc; hy it we - 
the close connection btitwecu, if not the identity of, the ch 
netic forces; by it the same heating, n)aguetixing, and dccoi< 
— the same velocity of motion, the same pliysiolopcnl nnd i ; 
oal effiacts arc sliown to be comniun to both ; snd let u.i :> „ 

it is to the indefatigable labours, and splendid talent of an Smffiid 
philosopher that we arc indebted for the devolopin- ' ' 
principle* on which this beautiful instrument in c>.. 
remember that the unfolding of the laws of electro-dynunie, and na|f 



>««rJ 



LECTtTRK IX. 



40 1 



ootn-dloctric inductinn was effected by a conntryman of onr own, ami 
Uiftt ttiest' brilliant dUcoverJu^s were not, (as niaiiy of the first iniportanco 
arc known tuiiavc been) the offering of accidental or fortuitous circum- 
vtancee, bnt pnrcly the rwsult of, and affording fine illustrations of that 
method of pliy^ical resoarch intrnductHl by the great reformer of pliilo- 
SOphy, (Lord Bacon) viz; — ictU-fouuilal ami icdl-ccrificd induciiont 
and deductions, 

(C7I) The largest map;ncto-electrical machine that has yet boon oon- 
tttntcted, is probably the one which was exliibited at the Electrical 
Society, in September, 1838, by Mr. E. M. Clarke. The following 
ftocoont of some experiments performed with it on that occasion, ap- 
peared in the jl/rij'jiiHg Chvonide, "The experiments submitted were 
performed with a machine greatly excwsding in dimensions any other 
that haa yet been conatnicted, the magnetic batteries being wparatcd 
into two parts, conncctc*! together by the inductors rotating at theur 
sides ; the quantity arrangemLUt being on one side, and the intensity on tho 
other. The results with tho machine in tliis form were so opposite to 
what was anticipat^id, that Mr. Clarke at Bret suspected his arrange- 
ment to ho defective. As usual, his quantity-inductor was furnished 
with a short coil of thick insulated copper wire, and the intensity 
inductor with 15,375 yarda of fine copper wire. On trying the volta- 
meter with tho intensity arrangement, to his astonishment, no docom- 
poaition took place, though the shock obtained by it was most excru- 
ciating, nay, even dangerous. >Ir. Clarke next tried tho decomposing 
power of the quantity inductor, and obtained one cubic inch of gas in 
four minutes. This being a novel fact, he was induced to imagine that 
tl»o eatise might bo traced to a compound action produced by the rota- 
tion of the two inductors; and he therefore determined to arrange tho 
magnets similarly to tliot^ of tlie machines be had been in the babit of 
conijtructing, tho only difference consisting in the size of the instrumeut, 
and in the means of communicating motion to the inductors, namely, 
by a crank and treadles, similar to a lathe. The battery consisted of 1 00 

t steel bars, eaeli four feet long, the whole weighing 150 lbs. Ivory 
made use of to retnin the wires on the conductors in lieu of brass 
plates, which gave uncertain results, owing to their conducting property, 
Tlio novel rcmilts of the experiments were— ;/yrjt<, the great amount of 
gas obtained from the quantity-inductor ; in one instance, one cubic inch 
in one minute and a-half, which result confirmed the correctness of the 
original arrangement. Second, tho trifiing decomposing effect from tho 
intoniiity- inductor, as apjicared from the table accompanying tlie paper 
read by Mr. Clarke on the occasion. Tlie voltameter employe*! in tho 
cx|>erinu'nt9 was fumishe<l with two slips of platinum, one inch in 
length, and thrce-clgbths of an inch in breadth ^ the decomposing power 
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wais liowovcr, increased at least flftceu times by tbo sobstitntioa el 
fine pointed wires uf platinum. Tlie nt'Xt expcriwtr '- - ' r-rl lo lb« 
difTfrent appcarnncL" »jf the tq>nrk with dilTcrctit i:i ? of Ihr 

inductors. With the intensity inductor, a long, noiseless. - 

spark was obtained, having much re&cml>Iuuce to the &pa:. .» 

passes from the prime conductor of an t-lectrical roacliinc to a budj 
placed at what i^ called tlie striking distance. The qua' 
gave a spark which not only had the usual rtellar form, lr< ' uifl- 

panied with a loud snapping resembling the discharge of a Lcydea jar. 
Althoucjh tlieso diatinctions existed between the ejiarkis tbey lotii 
appeared equally luminous. The cxpcriroenta were mu>t brilliant.'* 

(C72) An application of tho majC^eto-cleotrical machine tu tbe art 
of tlixtro-plating has been made and patented by Mr. J. P. AVoolcWi, 
of Birmingham.* In the 38th volume of the Meuhiuitcs* Mapuooc, 
page 146f will he found a full and illustrated account of the niBchtae 
which he employs, and of the method of conducting the proccus. Mr 
Woolricli makes use of sulphate of potash as tho solvent for thcgulj, 
silver, and copper, with which the articles are plated ; and be gives in 
his specification a detailed account of tlio method of preparing tlia 
different *' liquors,'* Tho thickness of tho metallic coatinj; to be d^io- 
sited, depends on tho time during which the article ia sul i ibe 

operation uf the magnetic apparatus and solutions; a thin will 

bo depositeil in a few seconds, whilst to obtain a thick coaling the 
article must be submitted to the constant operation of tlic ma^nict and 
solution for several hours. The distance at whicli the poirs uf the 
magnet sliould be placed from tho ends of tho armature nill di'^Hmd on 
tho superficies of tho article to bo coated ; tlio lai^r the giifi^rtci, 
tho nearer must the magnet be placed to the armatiini ; and the smaller 
the article, the greater muet the distnnix! be increased, the distance living 
inversely as the superficies of the niticto to be coated. If Uie nu&po 
of the article under the operation of coating bocomos, while in cob- 
nexion with the magnetic apparatus, of a brov^Tiisli ordn- 
ance, or if gas be evolved from its surface, tho di^tanc? 
poles of the magnet and tho ends of the ormatnro mnsl bo iQcr«a»Ml 
until the metal contained in the solution h propcsly dq>odt4»il. Mr. 
Woolrich statcsf that ho has introduced sucli iniprovenHmta into tbo 
tnagneto-elcctric machine, tltat at the cost of aliout 1 5/. hu can cob 
struct an apparatus which is capable of dcpositi"- '" -incce of silvrr 
per week, and hu hopes still to reduce it« cost c . * 



8j>ccIflc»tioa cnroUcd, Fob. 1st., IMA. 



* Pateot, datcU Attg. Itt, tSiS 
t Meoh Mur V vU. p, 15. 

tUMM(! :; that in tliti early part of IB43, iU. !Htiricm«t fuSilUhW 

» wqi^^^^^AAm* Tylluwiiitf piiawge oceart. *• 1 1 U now mutv 
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(075) A Very few words will t«uificc to explain Uic theory of tlie mag- 
neto-e1t5ctrica] uiacliinv, as at present anderstood ; a^ oFtpn as the bent unda 
of llio aruiaturt's or inductor*. /■*, h\ h\ Figs. 243, 2.30, 251, are brought 
by the rotation of tlie wheel opposite the poles of tlio magnet, they 
b«cumc by induction, magnetic; but thoy cease to be so when tJtey are 
in the position shomi in Fig. 249, viz. at right angles to it. Now, we 
have seen (6.S0) that at the moment of the induction as well as of the 
tUwtrtictioii of the magnetism iu an iron bar surrounded by copper wire, 
opposiito currents of Electricity arc induced in the wire if tlio circnit 

complcic; the points X-, Fig. 249, are therefore so arran^^ed that they 

11 leave the mercury and thus break the circuit in the wire surround- 
ing Uie armature F, at the moment that its ends become opposed to the 
poles of the magnet ; for whicli purpose they must bo placed nearly at 
right angU'S to it : the circuit is thus broken at the precise moment that 
a rush or wave of Electricity is detennined in the wire, and hence tbe 
electrical effects that are obtained, Aa, however, the currents alternate 
in opposite directions, we cannot obtain the oxygen and hydrogen gases 
from decomposed water separate when tbe full power of the machine 
is employed ; but by causing tlie wire p. Fig. 254, to rub on the break • 
piece J, instead of on the cylindrical part, one-half of tlie power of the 
machine is destroyed, bnt as the induced electrical current will be in 
one nnifonn direction, the uaual results of polar decomposition may be 
obtainod. 

(b'74) Seco7idtijy eurranU, — If a small pair of voltaic {>tate3 be 
moderately excited, and a small tihort wire used to connect its mercury 
ctips, no spark, or only a very minute one, will l>e perceived, either on 
making or breaking contact. As, however, the length of the connect- 
ing wire increases, the spark becomes proportionally brighter, " «h/t7, 
/rvm extrcma Ifrit/t/i^ the rt'sUtancts offered hi^ the metal as a conductor^ 
im^HM to itttcr/cra tcith the principal rasuU."* If two equal lengths of 
wire be taken, and one made up into a helix, and the other laid out on 
tlie floor, and eacli used tu connect the mercury cups of a small Kittery, 
rery great <lirtereucc will be observed in tlie size of the spark ntibrdcd 
by eaob, od breaking contact. Supposing tbe length of each to he 
«xty feet, the wire laid on the floor will give a small bright spark, 
while the wire wound into a helix, will produce a large brilliant spark 

tliAt I contriTcd a nuigiietic-eleciric marhinc, by mwui§ of wblcU 1 co«tc<l 
b Willi tin, copper, kc. ; auil I Iiutc emplovcd the #amo nwcUine U> advan- 
tage m ^iUliiig, BiUeriog, and platinir.iiig various kind* of metal of inferior valut- ; 
■tul T have no doabt that ia this capacity the ma^ctic-^lectric mnchini? mny bi>- 
r<'i ly uatful. 1 littvc produced good electrotypes on a small tcole by iu 

CI-.., 

* VmsiMy't Experimental RGacarchv». 1U07- 
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acciimpanied by n snap. Again, to rcmlLT tin? fact still r 

take one hundred feet of covered wire, and Wud it in the ;... . 

to fonn a double tcnnination, which can be coaununicated with tba 

clectromptcr ; wind one half into a hi-Hx^ and let tlic otlior n^masn in 

Its cxt4?nded condition ; use the«o alternately as the connecting wire, 

and tlie liidix will be found to give by far the strougcst spark. 

(G7>>) The spark and snap arc much increast*d wben a bar nf soft 
iron, or what is better, a handle of iron wirc^, artt iniroditcod into the 
axis of tbe helix ; but it is only on breaking contact with tho battery 
that the effect is produced ; the rcaeon is, that the iron, magmtiswl by | 
the power of the cunttuuing current^ loses its magnetism At the mw nc rt - 
the current ceases to pat<!i, and in so doing tend^ to produce an cloctiic 
current in tlie wire round it. 

{670) These efTecta are evidently dependent on eoroc afiVdiona of tfafj 
current in tl»e conducting wire, and the spark produced when the cnptt 
of the clcgtroiuetcr arc connected by a th<frf wire, is the only voe 
can be considered as produced by the direct power of the batftny; 
tho increase of the spurk whcu tlic wire is Ien;ythencd doea not 
on any thing analogous to fnomentum in the Eloctricity eirooktinf] 
through it, and consequently producing cfTiH-'ts at th« iiMtaot tUe CW- 
rent is stoppeil, is proved by the fnct that the same length of wire prCKJ 
duces tbe cflectfl in ver)' diflfercnt dcgrccti^ according as it Ee simplj 
extended or made into a helix, or forms the circuit of an oWlruntfjj- 
ncU How then is it to be accounted for? The ingenuity of Dlt« 
Faraday lias provided an answer, 

(C77) In his ninth scri(»fl of Experimental RcscarcliOft, ' **ii, 

tliat if a current he ostahli-jhed in a wire, and another ^m., . .:...i.jjja 
complete circuit he placed parallel to the first, at Uio inomout the car- 
rent in the Uvsl is stopped, it induces a current in the eamo iljnxrtiun in 
tho second, tho first exhibiting then but a feohtc spark ; but If tU 
second wiro bo away, difgunction of the first wire induces a curxeot la] 
itself in the same direction, producing a strong spark. 

(l>78) The strong spark in the single long wire, or helix, at tfc»i 
moment of disjunction, is, therefore, the equivalent of the currcnl 
which would bo produced in a ncighliouring wire, if «uch second cvr-l 
rent were permitted. Viewing the phenomena, therefore, a^ the* multel 
of the induction of electrical current*, the different if^ Inirt 

wiroe, long wires, helices, and electro-magnets, may be c i , -iod-, 

If the inductive notion of a wiro a foot long, upon a coUatcra) 
alM a foot in length, bo observed, it will be found ^ 
the same current be sent throu^ib a wiro fifty foet 1> > ,.]( 

in a neighbouring wire of fifty foct a far more powcrfal eurmit, al 
moment of making or breaking contact, eacli aucocww foot of 
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adding to the sum of action ; and by a parity of reasoning a bimilar 
effect Bliouiti take place wlicn the condttctiiig wire is also thnt in wliich 
tlie induced current is formed ; hence the rt'asou why a long wire gives 
a brigliter spark on breaking contact tlinn a short one, although it 
eorries much less Electricity. 

(679) If the lung wire be made into a helix, it will then be still 
more efiectivo in producing sparks and shoek:^, on breaking contact ; 
for by the mutual inductive action of the cunvulutions, each Ms its 
neighbour, and will be aided in turn, and the sum of effect will be 
greatly incrcasctl. 

(080) On repeating, soon after their publication, the beautiful ex- 
periments of Faraday, which led him to the above conclusion, the 
author was induced to try tlie effects of strong and weak electrical cur- 
rents, on a lung flat coil, of considerable breadili uf surface. For this 
purpose, two sheets of thin copper, each four feet and a-half long, and 
twenty-six inches wide, were cut into ribbons one inch wide ; all the 
lengths were soldered together, aud formed into a single coil, with list 
interveiiing. A continuous coil of copper ribbon, two hundred and 
thirty-four feet long, was thus provided. At the commencement of the 
coil, and at intervals of twenty-five feet through its whole length, wires 
were soldered, which projected about two inches, and supported email 
cups to contain inercurj'. By this arrangement, the current could be 
sent through any length of ribbon, from two hundred aud thirty-foux 
to twenty-five feet, and by t!ie aid of the mercury cups, tlie effect pro- 
duced on one part of the wire, by the action of an electrical current 
wnt through any other part, could be examined. In describing some of 
the experiments made with this coil, which seem to bear on the present 
subject, wo shall di»tingui:ih the cups by figures, indicating their puwi- 
tion on the coil, thus :— > 

1. i, 3. 4. &. G. 7. 8. 9. 10. 

eorreapotiding to dfi. 50. 76. 100. 1S5. 150. 175. S0<>. 234. feet. 

^xjt>. I. When communication was made with the positive end of 
a pair of plates, contained in a pint cup, and excited by dilute sulphu- 
ric acid, and cup t, and the wire from the negative end, dipped in suc- 
cession into 2, 3, &c., to the end of the arrangement, the spark and 
snap increased in intensity to 4 ; at 5, it appeared the same, and after- 
wards went on decreasing to 10, where the spark was not nearly so 
large, nor was tho snap nearly so loud : the maximum efft'ct, therefore, 
•eem» to be produced with the batter}', when the current bos traversed 
between 75 and 100 feet. 

Aj7». '2. When a half-pint battery wm employed, no difference in 

Uke size of the spark could be perceivtHl in 4, 5, G, 7, 8 ; but it waa 

BugCT and brighter in theoe oups lliAu in 2, 8, and 0, and 10, iu 
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wbidi U Mentd &boul the Gaun«: wiili a fMur of pUtee, con 
abooi Ofifr-fouTtii tht* suifacc of meUl, no tliiTcnmce in Uio 
ftppMcaocc of Uxc spark, coald be percuved thronghuut the vHmIo 
•muigenMSal, after cup 3^ boiog as bright at 10, a« at 3. 

K^p, 3. When a pair of plates, each tw'u inches sqiunii wu 
plo^rcd^ the spark seemeil brighter at 9 and 10 tiian eit)H>-r 4, 5, Of 
with a pair one inch square, x\v " • o was ni' 

pair hjilf an inch eqaarc, it ifta- u 2, 3, 4, ^ 

on increasing, and at 10 it was moch larger; with s pair ft qtiaricr «f 
on inch, a .slij^ht snap was soTenO timt-s heanl accompooyiog the 
in the last thnxr cups; bat the npaiks produced in tho first six 
weit; decidedly soialler, and lesa bright. 

Krp. 4. A pair onc-ei^hth of an inch sf]iiarc ws» tbca 
spukfl were produced in all the cups ; feohlo in 2, and ^, but to 7, 
9, 10, bright ; largest and brightest in 10. 

E^, 5. Strips of copper and zinc, half an inch lon^, and 
tenth of an inch widc^ were imnicrsed in the acidulnlcd Uijuor^ and 
couuected witb the coil : sparks were obtained in all tlio cupa« brij 
8, £», 10,; tlic stripH were then cat in half, and bjr rapidly b 
contact, sparks were obtained in 5, 6, 7, 8, 0, 10; tlicy could 
occasionally be gut from 4, and not at all from S and 3. Ti 
wca> theu reduced to about onc-siAth of an inch long, and oi> 
etb wide; in and 10 several sparks were obtained, bat none 
be got from any of the other cups. 

Exp, 6. A large calurimotor, highly excited with nitrtrai acid, wu 
then tried ; the brightest and loudest spark waa at 2 ; the wiap waa 
very loud, aud could be distinctly heard in a room, at the bottom of a 
flight of stairs, the door being s)iut, and abo the door of the room is 
which the experiments were made ; it was aa loud, cvcr^ time coBlact 
was broken, as the explosion from a qaart Leyden plitol ; tbe tjiaikj 
were very vivid, ond evolved copious fumes of mercury : tbrae cAcAi 
rapidly dlminiiihcd as the connecting m ire ■■ ! the tcrmitudcro of 

tlie cud, and at 8, 0, 10, U»o sparks v nuiro brilliiint tw* 

louder, than tlioso pro<iucod by the half-pint hattcir- 
t £jrp, 7. Tite shock with tliis apparatus did U"t im i- . . v.\-r\ \l 

fk : when a brass conductor was grasped by ttn i. .:«\ au i 
permanently in I , and another held in the left liand, and dipped 
coffiively into each of the other cups, in wbieh contact with Ute 
was rapidly broken by au assistant, tliu large calorimotor LaB|( at 
ployed, the following were the results: — 

Exp. 8. The left liand conductor bring in cup 2, and contact wi 
tlio l>attC!ry broken in it, the ahock was very blight ; in 3 tt was 
atid went on increasing to ]fl, where it was strong cnauab la 1 
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ie elbows ; now tho spark and snap were most intense in 2» and least 
in It) : lienco tliu httock appears to bo iuveim'Iy as the spark. 

/.>/>. 0. Tlii> left hand conductor was tlien dipped into tho cnp 
$iej[t to tliat in which uuntact was broken, being out of t]io circuit of 
tbv current, ns fur instance in 3, wliilo contact yvas broken in 2; the 
sbock went on increasing, us btforo, to tho end of the arrangement; it 
was llien kopt permanently in G, wliilu contact woa broken in all tlio 
pihcT cupa : in 2, 3, 4, the shocks wuro distinctly felt, and wont ou 
ircasing to 9. 

Kfj'. ] 0. The current was then passed from 2 to 0, while the 
iductora were held id 1 and 10, theu from 3 to 8, tliea from 4 to 
7^ then from 5 to (#, shocks were felt in all caaea ; strongest wbctn tho 
currt-nt waa from 2 to .0, and weakest when from 5 to 6. 

Bxp. II. Tlie wires from the battery were then connected with 1 
2, and tho conductors held in 3 and 4, then in 1 aiid 3, while 
conductors were in 4 and 5^ 1 and 4, 5 and C, &c. ; but no 
stiocks were felt, even when the wires from tho battery were in 1 and 
and the conductors held in and 10. 

\£xp. 12. Althongli, however, no shock ooald bo obtained dirMilt^ 
im this arrangement, yet the existence of a secondary current was 
lily proved by the galvanometer, when the positive wiro from the 
battery was in 1 and contact broken by the negative wire in 2, one 
wire of tho galvanometer being in 3, and the other in 10, the noedlo 
wjLS strongly dcllocted in a direction indicating the pa&sago of a current 
in the fiame direction as the inducing current, that is, from 3 to 10. 
AVhcu the needle had taken up its position, it was rctiuned in it by a 
piu ; contact was then broken in 2, and tlie needle was immediately 
d*:11octod in a contrary direction, showing now the passage of a current 
from \0 to 3. 

Kjrp, 13. By employing Callnn s coil, (an arrangement to be de- 
scribed presently), powerful shock* were obtained from the secondary 
current ; the wires from tho large calorimotor Iwing in 1 and 2, and 
the terminal wires of the primary coil in 3 and 10, shocks felt at tho 
twa occurred every time contact was broken, and wlicn this was 
lie rapidly by a revolving wheel, or by Ritchie's rotating magnet, the 
^cession of shocks was almost intolerable ; and when one of the wires 
the primary coil was dipped in tlie same cup in which contact with 
battery wua broken, the ahoeks wore very violent., oven witli a 
[f-pint battery. When a wheel was employed to break contact, tho 
billllation'j were very brilliant, when it was connected with the first 
IT cups of the coil. The well known opticjl illusion, of a body iu 
lid motion appearing stationary, was beautifully shovm when the 
was darkened, and the large battery used. Without the inter- 



408 



MAQI«£TO-IU.ErTRICJTY< 



vcntinn of Cullan'a coil, the shocks obumed by braJcing oonlaet, 
moAne of the wheol in tlic arrnngtTuent (8.), were not no Mrong aa «aA 
ex]>cctc(l. The most efficient niethutl in UiU case mxks U* di*w Uie i«d 
of tho connecting wire rapidly over the eilges uf ihtt ribbon, from lli«. 
coDtro to the circumfereoco, 

/i'.)'/>. 14. Secondary bhoclca were obtained from tlio ooil « 
diiitcf^ ; i. c, without tliu intervention of OalUn'ti apponUUHi by ii»| 
ping the conductors grospcd by the liand, iii 10, and the prgaiSTo caf 
of the battery, while contact was broken in 2, 3, ♦, 5, 6, 7, 8, ftad ;"] 
iu the last three, the shocks wore as strong as could be given with laf j 
other arrangement of the apparatus, and when Callan*8 coil waa inl 
|>03cd, very severe, even whou contact was broken by 2, ajkd a 
pint battery employed. 

£jrp, 15. Tho wire from the ^nc cud of the battery was tlMm LcfA 
permanently in 10 , and contact with tho copper end broken iu 9, ^ 7, 
G, 5, 4, 3, and 2, the left hand conductor being in 1, and the rigbi (■ 
the positive cup. Shocks were folt in all; slight in 9 aad S, aad) 
istrongin 4. 3, 2." 

((^81) These results agree very closely with those obtainod by 
fessor Uenrj", of New Jersey, Princeton, to whum we are indebted for 
very elaborate iuvetftigation of the pheuomeuu of the induction 
galvanic currents, and for tho discovery of analogous results in th« 
charge of ordinary Electricity. 

(082) It was found by this experimentalist tliat when tbo lengtli 
the coil is increased, the battery continuing the same, tho dcQoigiiUini 
power decreases, wliilc the intensity of the shock continually iocrcaaa, 
but that there is a limit to the increase of the intensity of the *)tock ■„ 
and this takes jdacc when the increased rcsistaxicu or diminished coa- 
ductiun of the lengthened coil begins to counteract tlic influence of tka 
increasing length of the current. >Vhen the intensity of tho battery 
increased, the acliuu of the sliort ribbon coil decreases, but it is 90 
prisingly incruot^ed when tho length of tlio coil is increaiNMl in pitipor-^ 
tiou. Thus Dr. Henry found that the current from a batt«iy of 11 
piiirs of C'ruickshank'a trough, which, when scut tlifough the 

* After these experiment* were made, the riblxin wu col <1own the niMiUfy i 
ftoldered together «n as to rorin « tciigtU nf ubnul four huiii]ru«) unil aUity fevt| 
■n inchwitlc, wltlrh wus iii»u1i(tu(l ntiiJ wouiiil lu before, iuto m»|iiral : tlie 
spark, with thU arninj^etneiU. « pint Iwttcry being n»rd. wai ni n)%.>iit mt* bti 
«n<l fifty fett ; aud wiUi a rcrj- sraall voUoIc palr^ the Ihfv ' 
was ftlU at Uiv extrutntly of tlie spirnl ; on the- wtinir, tin 
copper rilitjfiii wait to (liininTsh Uio t'ue of the spurk. ImiI -i 
likteiislly Qt the shock, which, when ohtiiintti fwtn tiir U»l . . 
cod of the battery, vraa very jcvt-rc. Water wan rcatlHy UccompoMa by 
Mcoiidar> current, dtvrlpped b» th:» urnihtfemfint. 
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0, ^, or c, Fig. 2/!(y, jiroduccd acnrc«ly any effect ; wlien passed lltrough 
■ spool of copper l^^rc -f*^ of an inch in dinnietcr, andyft;« mi/cx lon^, 
gave i»l»ock8 too strong to be taken tbrougli the b4»dy ; and that a battery 
composed of aix pieces of copper bell-wire 1^ inch long, and an equal 
number uf pieces of zinc of tfao same size, was capable, thruugU tho 
fneditim of this long Bpool, to give shocks at once to iireftttz-^lc p^ntimi 
joining buids ; though when a simple battery, exposing a zinc eurface 
of on<* 8(|uare foot and three-qnarter^ wn^ employed, no shock, or at 
moet a very feeble one only could be obtained « 

(R83) Fig. 25C repre- 
sents the method by which 
battery-contact %va3 broken 
and renewed in Profeeeor 
Henry's experiments : a \b 
(lie ribbon coil about lUU 
feet long ; //, a rasp, the end 
of which communicates 
with the zinc cylinder of 
the battery through the 
luediiim uf a cup of mer- 
cury ; one end of tho 
ribbon IS placed perma- 
nently in the cup connected with the copper clement, and by drawing 
the other end smartly over the surface of the rasp, a Rcries of brilliant 
sparks are produced, and the electrical current through the coil is 
rapidly broken and renewed. 

<(I84) Now on placing coil c containing about sixty feet of insulated 
cop|>er ribbon on coil a, a plate of glass being inteqiosed, and sending 
the electrical current from the battery throujih a, it was found that as 
ofteu a^ the circait was interrupted, a powerful secondary current was 
induced in e, and that when tho ends uf this coil wero rubbed together, 
were product-d ; when a etnall coil of wire enclosing a needle 
intcrpofied, the nredle became magnetic; when a small horse-shoe 
of soft iron, surrounded by a coil of wire, was interposed, magnetism 
was developed : when tho ends uf tho euil were attached to a small 
decomposing apparatuF), gas was giveu off at each pole; and when 
the body was interposed, a shock, though a {eeble one, was expe- 
rienced, 

{Gf<!i) AVhen, instead of a ribbon coil, a helix containing two thousand 
six hundred and fifty yardi» of 6ne insulated wire was placed on coil a, 
tlie inagnetising uttects dituippearcd, the spaxks were smaller, and the 
dccompttttition less; but the Khock even from a single rupture of the 
battery current was sufficiently powerful to be sent through fifty-six 
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Itcraons, and was too strong to be rcceired wi' nty hf a S9 

individual. Whoa a helix containing 1500 > : arm -^^ ^« 

inch in diameter was placed on coil a, scarcely any eflfecte oonld be ofl 
taiiwKl ; neTcrthclesa wbnn tlio ribbon cml w&s nuuW *• -ing m 

shown in &, Fig. 2jG, and the long spool of wire ptAcc>i luUJ| 

ehocka ^iSicientl)* intense to be felt at tbo sboalderr wbm paMsd only 
through the forefinger and thumb, were obuuncd, aparke and dfioOBp^ 
sition were produced, and needles were rendered maj^netic. 

(fi8G) By these experimetita It is proved that' the iadiic>cd camnt it 
dimtniiihed by increasing the Uuffth of the wire, nnd that ilte 
in proportion as the $ize of tho wire is diminished ; it tA 
that when a ribbon coil is employed, tho induced or secondary 
lios the pro]>ertie3 of one of cutkwiderable yM^jifify bat of znodenla 
tennty : oud that when a helix of email copper wiro is uMd| 
secondary current is uno of email tjttautUf/^ bat of great tMMnWiy; 
diflcrcnce between tho currents induced in the two caaca ts p: 
similar to tlio ditTcrcuce which we notico between tho Elcvtrioity fhiia a 
voltaic battery consisting of a singlo pair of plates, and Uiat fnim a 
voltaic arrangement consisting of a number of pairs in serwa wcsUlIv 
charged, as from tlio water buttery (248). The fact that the ndooed 
cnrrcnt is diminished by a further increase of the wire aAcv a 
length has been attained is, us Dr. Henry observes, iin|>ortaiit in 
construction of the magncto-electricnl xnachtne, since t'l Vcct 

produce<l in the induction of magnetism. The wire on l __ :u:.:ctor 
the machine may tlicrcfore be of such a Icngtli relatiTO to its diameter 
as to ])roducc shocks but no decomposition ; as we havpf necn was 
case in the large magneto-electrical machine constructed by Mr. tlar 
(07 1 ) ; and if tho length of tho coil lie still further increased, tba po««i 
of giving shocks may also become neutrnllwd, from tho iocrvMH! re- 
sistance offered to the Induced current by the grwil t«mgtb of wir* ; a 
good idea of the difference between i/imntity and xntcu»Ujf may \m 
formed by supposing that in tho first there is a large currvnt niovii^ 
Blowly without any or but small resistance, and in the socood a sanO 
cnrrvnt moving with groat vdocity, but still having a nttutaaoe lo 

overcome. 

(087) The experiments of Profossor Henry, rdatire to Um ioductkia 
of secondary currents at a distance, are t" ti^. By »niil- 

F,„. 257. *"g *" '■ - ^^mrtxx of Ebe* 

tricity through the aptnU a, Fi^. Sn 
and placing the hi'Dx uf tliin wiral 
over it, a pUln df glass Instaj; ints 
(toiiod, shucks may ho DbUinrd ^ 
giasjiiag tho handle* attached to tfl 




.4 




tDtTTURB TX. 



411 



cciil, wlieu 'J. coiisiated of ubout 300 feet of copper ribbon, 1 } iucli 
in width, and A, a liclix uf copper wire five miles lung: Dr. Henry 
found that shocks might be obtained wlicn the coils wcro/i?i/r/(v?/ apari ; 
ftnd At A distunco of twelve inches, tbey wore too strong to bo taken 
throtigb the body: the Professor also mentions a very inatructivo 
melbod of cxliibiting these astonishing experiments, Tvhich the anther 
lima frt'^nently adopted in the lecture room, viz. : to cause the induction 
to take place throunU the portition-AvalU of two rooms, fur which ])ur- 
pose a coil abont 100 feet of ribbon is suspended against the wall in one 
room, while a person in the* adjiiining room rccoivea the shock by grasp- 
\w^ the handles of a helix, of about 300 yards of tliiu wire, and ap- 
pruaching it to the spot o])j>osite to which the coil is suspended. Tbo 
effect iif aa if by mngic, without a visible cause. It is best produced 
Uirodgh a door or thin wooden partition, 

(USS) When an intermitting electrical current is sent through the 
ribbon coil <i, Fig. 258, a secondary cunuut is, as we have 8cvd, ioductd 

Fid. 258. 




111 A, placed at a distance above it : Dr. Ilenry further wcertained that 
Ibis induced MCcondary current, by popbing through the coil e, was 
capable of inducing a current of the third order in tho helix d; and that 
iliia coil again, by passing through tho helix ty induced a current of tho 
foHrih ord*r in the coil /, as was proved by the power possessed by this 
coil of magnetizing tho needle (j ; he further determined that thcro ex- 
isted nn alUrnatiOH in tho direction of the currents of the several orders, 
con)inoncing with tho secondar}', — it was as follows : 

Primary current -(- 

Secondary current . -f- 

Currcnt of tho tliird order — 

Current of tho fourth order + 

Current of tlie fiflh order — 

From our previous knowlwlgi? of this subject, the induction of currents 
of different onlors, of sufficient intensity to give &hr>cks, &c., could 
scarcely have been antici[>ated. The secondary current consists, as it 
Wfin% of a nngle wavo nf tho natural Electricity of tho wire, disturbed 
but for an instant by the Indnclioo of the primary : yet this has tho 
power of in'lucing another current, but little iuferior in energy to itself ; 
and thus produces effects apparently much greater, iu proportion to the 
quantity of Electricity in motion, than the primary current. 
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■Hitt onU h» «kCaiBed; ft omoljT pbtc of 
iIk adhMlMB Ib ^ aliHift tnltnl^ to ^HippBar; 
■tf «■• Oft «■! ift Un dDBCtioo of a ndtuof 

Mpttntcd, sad oo iJbeeoU 
W «teind ftMi Ae kttcr u if Um voS 
ecaiiafi wok jvaed, ao m Ca funn a 
M W i ti iii l TW expkBfttioQ of 
• «fcaEn»; it ^rwm, bowercr, sal 
hfJH^Bmrjtm tkt tkmfm m the £iectioa of the 
A* I III iiij cuott. wUflk k MMed in Uie 

cai, i» B the OBBe fifvetaoD as the nuiviit firoM 
I0 iadaaa a otntBt m tbo aAjum^ 
d'acaaAnrrdBvctioaL A aanfatr re-^ctkn, as H woe 
, fcai fc aii i i l by jhiMg aa a laC ribUaa oofl, cortadatag abuot J(W 
fcci of Mil l, Mwtfcwr Maaibv coil. aa4 dhea taking iW •bock from ibe 
ftnrt »ba «ba ca^ aC tiM ieoo^ aaaJriMd, tbt iaicnitr wiU be luaaa 
tobe wgy ■■!! ritlly ^MiBirihaJ ; ihkeag^uif tbaaadaof ibeBccoai! 
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tba ariingtniuii. 
ia Ftg. S58, 
Ilaanr succeeded in 
moBslnitiaf^ tbat the 
chmr^ Iroca tbr Lvti 
jar poflMsaaea tKe p 
pnty of iDdocing a aeooodar^r carratt pfeciaely ibe Kumr ■• tba 
galraaic appantns. A boQow glass cyliadtr Oy of abont dx h 
in diameter, was prep&ied witb a narrow riband of ttnCuil, al 
tliiriy feet bm^, pasted spitalljr aroond ibe oittside, and m 
ril^and of tb« same length pasted on iho raaide; m that the 
ing ffpirm of eacb wore directly opponto each other. The end* of 
inner spiral paa&vd out of tlic cylinder throu^'L ' '■ ' 
all direct couiniunicatiou hetwpcn the two. \\ 
ribanii wt-rf joined l>y the magnctixiog 9p!ral c, cunUining a ooed: 
a discharge from a lialf-gftHon jiir ncot Uirough the oatcr 




ttcetHe WHS strongly mftgnctizod in saoh a manner as iu indicate on in- 
daccd currcTit through the innor rib.Mid, in the sanio direcLion as that of 
the carrcnt of tlio jar. When a second cylinder, similarly prepared, 
was added, a ttvlutty current wah induced iu the inner rihand of the 
■econd ; and by tlio addition of a third cylinder, a current of tho fourth 
order was developed. 

(C91) In all the experiments that were tried, the results with ordi- 
nary and galvanic Electricity proved tu be aimilar. A moat interesting 
fiKt, bowcver, canio out in the course of the invei^tigntion : when tho 
Lvyden experiments were made with tlie glass cylinders, the currenta, 
iuBtead of rt/i«T?m/(iiy, aa wai the case in the galvanic ex[»eriuieiit8, 
wero all in the same direction as the diHclmrgo from the jar ; but when 
the arrangement of coila and helices. Fig. 258, was u«ed, the coils being 
faral^hed with a double coating of silk, and the contiguous conductors 
separated by a large plate of glaaa, tlic discrepancy vanished, and tlie 
a]ten]ation& were found tiio same aa in the cose of galvanism : thns the 
cylinders gave currents all in ono direction ; tho coils in alternate di* 
rectiomi. Dr. Henry made a great number of experiments, in order to get 
some explanation of these apparently anomalous results ; and lie at last 
Bacceoded satisfactorily in tracing them to tlio dittaneea of the contfuciort. 
Thus two narrow strips of tinfoil, about twelve feet long, were stretched 
parallel to each otlier, and pejiarated by thin |)latc» of mica to the dis- 
tance of about i^th of an inch. When a discharge from tho half gallon 
jar waa panned through ono of tbc^e, an induced current in the same 
dijoction was obtained from the other. Tlie ribands wero then separat- 
ed by plates of glass, to the distance of -j'oth of an inch, — the current 
was still in the same direction, or pfus. When the distance was in- 
creased to about one-eighth of an inch no induced current could be ob- 
tabied ; and when they were &till further separuted the current again 
appeared, Out vti9 nov founti to hart a dijfcrrnt fUrcction^ or to la 
minut .- no other chango was observed in tho direction of the current, 
the intrnaity of tlio indnction decreased as the ribands were separat- 
Thiis, when the conductors are gradually fioparatcd, there i?, it 
appears, a distance at which tlio current begins to clinngo its dut>ction, 
and this distance depends on the amount of the dincharge, and on the 
length and thickness of the conductors. With a battery of eight half- 
gallon jars, and parallel wires of about ten feet htng. Dr. IJcnry found 
that Lho charge iu tho direction did not take place at a less distance 
than from twelve to fifu-<ii inches; and with a still larger battery, and 
longer conductors, no cliange was found, although Uie induction waa 
produced at a distance of eevend ft.-et. 

(692) Tho reader, after the perusal of these beautiful experiments 
nf Dr. Henry, will find no difficulty in understandiug the rationale 
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\z ^la fieezi-aimnKCc eio. maeaxxim. vinA w bov Iatc to preBent io 

l^'^L L "-n-*^'*» |;*«nr i^iIlClZllf 5x lill! I-lBSlMaKB cf aBBooduT cuiiniU. 

sui :a & JizTcr r:*£ "VTin & iiiu:*** &^l a wiutli t2ie bobiMB mty be 
2iiLr:*f.u'j?£ c TuiiXi?;!:^ fc jsL-rix- :^ »^7X3 1500 leeK cf thin wiie ii 
■w'.raii : 1^ -rr: viCit ix i^ra -;is£ssiix ^staact ban cadi other, and 
xj inEixi^Z ''3tt vLiii * !^ 6tixl vttt 'imssoT xhn j fi gh the iuinkji coU, the 
J^navzzxtn' z^^sbss zi iha fx^^nx ot^ if ks ia mocioa by hs lodnctiTe 
=rf stsiiK : «bi frzni =: :«:u j^jsufi^kil i»d dKmSrtiad efiecte may 
bt ;ciai3i£(L Fn* i^ars. :ci3=9i<i :ic Icciksz hauerr-oontact with tbe 
j.7iz:jBnr -wzn a* ^susa^ £3» Sk2 tr;it, in Koseiqiimce of thf rjffu 
«-'£>v '.i Etffesziiirn' «rL>r!t. k r!Cisxs£*5 is it ; b^ if the ends of tbe ei- 
urV.r e:il Ui £?^*^V: ir:*^ T->^g*~^ cioiatci. tben little or no spark is 
Kxz. -**•£& TJui zt^zzarr <li > . i ,Ii » lr:^«a. a consequence of tbe le-actioa 
r.i '^ ':z.'izc^ t-^ivL U If 1<» v^r^ (4* fine insolated copper wire be 
v-.:=:^i <ti a i^eiL asi g: ci* e a v=ib a:: Cbectrcmeter npidly broken, 
fLxJu xuj be ci'-amed br rras^-ia^ mecalBc cjliDdeis in connexioD 
viu. the «cd< cf tbe o:^ £r:«n tbe re£ex wre of Eh?c ti ic itj wbkrh is 
ps^nuA ; and if a banoje cf ir» wires be placed in the axis of tbe 
b^iix, tbe brilliancT «f the spark* and the intenmr of tbe shocks will 
l« mocfa incTssed in otflseq-^enoe of the »eecnJ war^ of EkctricHr 
which wt hare «€irn CTS; is prefaced at the moment of the dc-mag^- 
netizatioD of t:*e iroa. 

'G5r3; Fi?. 260 represents a rerv c^nTenient little appantus, 
devisf^ bjr Dr. GoHin^ Birl* for rapi-Uy breaking and renewing 
batUTT-contact niib the primarr cf;*il. It is thus constructed : — A 
bane board, about ei^bt 
inc}i€^ in length, and 
thrc« in breadth, is fnr- 
nuihe^l at both (:nds with 
a piece of hard wood, A 
and B, each having two 
holes excavated, for the 
purpose of holding mer- 
cury ; each of tlicse holes 
communicates by means 
of thick copjKJr wirec, D D, with that opposed to it, in the other piece 
of wood at tlie opposite end of the board. Midway, between the recep- 
tacles for mercury, is a wooden support, so contrived, that a piece of 
wjft iron wire, otie-cigbtli of an mch in diameter, and five inches in 
length, may oscillate between the cheeks cut in its upper part, with as 
* L. and B. Phil. Hag. vol. xii. p. 18. 
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re friction ns p(»3iWe. Around this iron wire, E F, arc wunnd two 
licea of thin ineulatcil copper wire, in the same direction, (from right to 
loft), in such a manner, tliat the two ends of one helix may termiiml<? in 
the copper points, G II, and the ends of the other liollx in the points K L. 
Two Bmall horse-gboo rnagneta, (not shown in Fig, 2G0, but ifhown in 
their proper plaGcs, in Fig. 261), are then fixed on proper supports, so 
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that they may each bo placed near an end of the iron bar, K F, tn a 
Tertical plane just posterior to it, fto that on deprca&ing the end F of tlic 
bar, it may be opposite one polo (say tht? south) of one magnet, and 
oonsequcntly the end E will bo opposite the other pole of the second 
magnet. On elevating the end E, the contrary will of courso take 
place, and for this puq)ose, it is hardly necessary to say that the similar 

o» of tite magnets should bo in the same direction. 

(C04) From this deecription, it is evident that on connecting the cup 
of mercury in A or B, with the two plates of a single voltaic batter^', the 
bar E F will become a temporary magnet, if the ends of either helix are 
allowed to dip in the mercury : and if connection with the battery bo 
properly made, the ends or polea of the temporary magnet will be re- 
pelled by the poles of the permanent magnet, to which they arc »)>- 
posed ; the bar will consequently move, and so cause the immersion of 
the ends of the second helix in tlic other cups of mercury ; repulsion 
will again occur, and so on ; about three hundred oscillatidtis of the 
iron t>ar can tlias be obtained in a minute. 

The coil is thus anuogcd: — on a reel, with a hollow uxi», tlkree 
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in lengtb, are wwiod ali-- ' 
inch in diameter, oovcnu 
ixisuUtion, ibe two ends being oocioectcd with p p, Fi^. 84i I, wi tiat hf 
means of the binding screws, tomr. ' ' '<' wiiw, 

with Uic contact-breaker and b&Ua7> . ^«rit,A 

second insulated copper wire, ono-eighticib o< «ii inch in dnmcicr, jod 
About one thousand five hundred feet in tengtlt, U woand, ^" * '' '^'O 
ends are oonnected with * «, fumi&Iicd with binding a crew^, ::« 

connection with wires, for comniunicating the shocks &c. 

(693) Tlie cunnecttun with tho batter)- ts best inadci in th4* wajr ebow 
in Fig. 260, in which B repraaenta a eectioa of the re«), S an end tif Iha 
B))urt helix, connected with the mercnry ctxp in B, Z tiw other and of 
the short helix, connected v«*ith one plate of the battery, whilst lite win 
C connects the other cap of mercury, in H, with tho oUier plate of tW 
voltaic couple. When this is properly arranged, a aenea of bkdaeed 
currents may be obtained from t s, the extrpnutiea of tbe long bebz, 
capable not only of coromnnicating a series of intonae abock% boi af 
exerting powerful electrolytic action ; and when a bnndto of 40A inn 
wires is inserted in the hollow axis of the reel 1, Fig. 26*1, tb<t dyoMnk 
power of tho coil is considerably incr^aMd. In Uiis case, indoad, Hit 
sparks prodaced, when the ends of the bebc«8 round the iron bnr, £ F, 
leave the mercury', ore very brilliant^ accompanied by a lond uuifpm§ 
noise and a rivid combustion of mercnry, doude of the oxide of thai 
metal being copiously evolved, 

(696) If tbe ends P R'» of the long and thin coil are forniabad wilk 
pUtinnm pouita, and immersed in water, acidulate*! will; ' t :,]^ 

rapid electrolytic action ensues, tonents of minute ti.. .-a 

and hydrogen gases bong evolved. 1(^ instead of inatcr, U»o pobrta an 
pressed on paper moistened with iodide of potASttium, electrolytic me^iom 
enaueA, iodine and oxide of potassium boing MpAratod. Stdntiona of 
neutral salts, such as sulphate of potash and v>da, chloride of potaa^um, 
Bodium, antimony, and copper, are also rnpidly dccompooed. In thcaa 
escperimeniss aa Dr. Bird remarks, it will be found that tlio great ma- 
jority of the elcctro-poaitivo elements (for example) appear cnustantly al 
one termination of the coil, e<ruru paribus^ hut not all, for it moet not 
be forgotten, that on making, as well as breaking contact with the etcc- 
tromeler, an induced current take* place in the long coi* ' ' * ',r 
weaker inteuMity than the latter, to which it is opposed .. I 

consequently in electrolytic effocls. 

(607) If the brads conducting tu!>es d </, Fig. 2G1, aro gratt^wU, even 
with the unmoistened hands, the intensity of Uio rapid tfuvivi^'Wi of 
shocks will be found intolerable, even when the haitvry o- u 

but of two phit<«, prcwfiiting four or five 8<inarc inchei of su^.-v. . ,»i4 
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iKith pain half an iacli, tlic eliocks obtained, when contact is rapidly 
Ijnjken, (wliich in tliig cnsc, is Ix^t dono by a rotating ningiict, niotioa 
being communicated by the fingers), ixxa very di^greeablu, 

M'heo the wires at tlio end of thu cumiucting tubes, tf d\ are mode to 
iouclu small bright sparks are produred; and if whilo the oscillating 
bar of tho contact-breaker is vibrating rapidly, a large calorimeter being 
employed, a piece of weU-biirnt charcoal is fixed on one of the temiina- 
lions, ami the otlier drawn lightly over it, a rapid succession of brilliant 
Bpark.3 is obtained. These .oparks depend entirely upon tlio induced 
current!^ as the fine coil has no connection with tho calorimeter. For 
the ekhibitiun of this, as well as of the electric light of an energetic ar* 
raugetoent, Mr. Bird finds pencils of that kind of artiiicial graphite, 
found lining tlie interior of the iron cylinders, used for the distillation 
of coal in gas manufactories, very for sujwriur to box-wood, or indeed 
any otlicr form of charcoal. 

By connecting the ends of tho primary coil of this arrangement, with 
the quantity inductor of the magncto-electrlcul machine, powerful 
shockts and strong electrolytic effects arc obtained ; the spring mnst rub 
on tha double break, wliich in tliis experiment performs the same office 
as bird's contact-breaker; the coil, which, as we have seen, is, when 
rovnl viiig before the magnets, a powerful source of Electricity, supplying 
the place of tho voltaic couple. 

(60S) There ore several other forms of tho olcctro-magnctio coil mo- 
cltine, and many other modes of breaking battery-contact with the 
primary coil. Fig. 2G2 is a very elegant arrangement i tho primary 
coil cousists of about thirty- five feet of in- 
suhited copper wire. No. 12, and the secondary 
of 1400 feet of copper wire, No. 20, battery- 
cuntoct is broken and renewed by the rotation 
of the soft iron bar, h^ which, mounted between 
two brose pillars, is situated immediately over 
the axis of the coil, in which is placed a bundle 
of iron wires ; Uic electrical current from the 
battery posses through the pillar </, and the 

s carrying thv iron bur; and contact is 
rokoD and renewed by the |xjint i dipping as h 
ffBVolvea into and out of the mercury contained 
In tlie bra^s cnp, /f, mounted on the brass 
pillar, a, through nhich tlio circuit is cumple- 
uA\ c^mniunicittion with the voltaic battery i« 
niado througli one pair of the binding bcrews 
on tho base of thu iuslrumcnt; and the 6h»>cka, clectrulyiical eDi'CtM, 
&c^ ore obtained from wires altaolied to thu other pair. 

e V. 
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with m wirv, liiir lap «f 

wkicb it Been in tKv figvra riri^; 



aLuvc the enil. On the top of ikb wire is A iMtrisaatal strip ol t&etti 
tipped witli pktinfini, Aoti witli tin by tbe actios of the spring tlwi <te 
of inm is kept in contact ; now wbca conaectiaa ia nada with the hattoy 
•Ibroagb tbc wins p aad «, tbe csatnl eoea oC iraa wiiaa bsositt 
BntgDctiard, and eonsD^nrntly sttncta Ibo dne of inia« tbaa bnaliaK 
battery-- cimfcart ; tbe rarreat bang nhnt a^ tb« disc af waa, » i^bd 
laasBd by tbcsprJBfcsadtbaaaoataetisbf^caaad isiamiil witb ana- 
nog npwiity. IVe ttcondary Hfects aia abtawisd flam tJto Ivsatta 
attached tu^ e. Fur medical parposo this is decidedly tbo best amnge- 
of tbc coil iiiscfaiae, as it is laoiv compact ikam aay tithcSi aal 
witJi tbc me at msrciiry. 
(095) lu Fig. 2Ut we hsvo a reptesntstioo of tbe RfT. F. Loeb^V 
Fiti. 204. ckctro-m^^netie coil BMefaiaOi to wbidi m 

attached an apparalns for prndncinit Iwm- 
wnm galvanic rin^^s. Tbe oualact-lifMilav m 
tbe carted spring O, wbidi is earned rapidly 
rociml by t]Ms multiply iug wKi<vl simI bsadk 
d^ stril: ' DOlibv 

ID il>c . TTiii 

circle tnasi Iihtg an uld noiiiber vt Icc4b «ff 
titilclwv in ordrr llial Uic cndti nf tb(t H shaped 
»)irtii|{ may pnHluco iUv epark at Appasile 
parts of tliu ring ; whni tbsn aia iwmty^ 
five OT 0>>r(v-tivi< 1>tnnlc« ttin rMttiltitir nri(* 

cif Spark* is pxcccdingly biiintiftil. 

Tlic (Jininrtrr of the rinp a h tn .1 five iilUus , 

in diameter prcKhice viT)- lirilliaDt > >rr may be nia«l 

mctabs and if com*spundtiig irprings be used, titcae will bo a < i :ht 

fpr oacli. Tbv rings ore sectuttl in tbc circular nbbUt of Ibc >|U.uv p 
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>ud X, by scnall turn biittouB ; one end of tlio primnry coil is in com- 
liiuicalion vrilli tlie ring, tlic other i^ in oonnoxion witli tliu binding screw 
♦, »bur« one of tlic battery wire* is tt> be fixed. The spring c baa metallic 
^mniunicaliuM with ttiu other polo of the buttery, by means of its nictallio 
*ket, to whiuh a wire Is suUlvrefl and brmight down to another con- 
;ting piece syniinctrical witli ^ bnt not vi>»iblo in the figure ; a small 
irtiun of thi^ wire is seen at/^; //are the nana] connecting pieces for 
luiinistering the shook. 

(BOG) The scitttillatitiff eireU^ Fig. 2fl5, is another of 
Mr. I.ockoy's inatniments. Seven or noy other uneven 
ibor of fine filee aro procured, suclt om are uBed in 
rtain engravers* work ; they are of a fiat and oir- 
ilnr form, about § of an inch in diameter ; tboy are 
igcd and tixed upon an immoveable disc a; each is 
metallic contact witli the other, and the whole with 
kc terminal wire of the battery, a powerful coil being 
Itcrpofted, lu the centre of the di^c is the brass axitj 
oanying a small pulley, to wliich rapid notation cin 
communicated by tho multiplying wheel c. Tliis 
lUey carries the steel wire */, ^, pointed at its extremities, and bent at 
ich angles as lightly to drag over tbo faces of tho files in rotation, 
.'bo >vite \a removable at pleasure to admit of its adjustment or replace- 
loot. Hie central axis has a wire leading to tho other terminal of the 
Lottery. On putting the apparatiis in action, contact is mnde and 
broken alternately at nearly opposite diauietcrs of the disc. The effect 
to tho rye is n continuous circle of radiant and splendid sointithitions. 
Tliiii ia perhaps one of the most delicately bcnutifnl of cleclricnl expcri- 
ir)etit». Tho effiel is nuich in^proved if instead of Mfpnrute pieces of 
Bt4x.d inserted in tho hrnns ring, the irAof^ circle ia formed of steeJ either 
«U>aned off with a fini' file and left purposely unpolieihed, or better still, 
funned into a tx)utiiiuoiis nnd line file over its whole surface. 

(607) The Water rc^ttlaiijr. Fig. 20*y,al(iio conirivi-d by Mr. Lookey, 
in a useful pieet: of apparatus for the purpose of ntudifying the phy^iu- 
logic.nl effects of the galvanic sli(K*k obtained by the mediimi of the 
«Blf*acting cu'tl or Dther source of power- The most powerful sliock 
can by this rt^ulator lie readily reiluccd to one in the mildest form. 
In the ntcdical atlniini^ratiuiv of galvanic Electricity, this m a point of 
^^"m«■ iiu[Kirtanee, as obviating tho necrfeitj of any adjustment of tho 
M/.'.of the* battrry, ihr di-pth to which its ptatcs aie imnivri'tMl, &'c. A is 
a gloss tube about five inches in length, uappeil at cneh extremity. This 
tube rests upon, but is not fodtened to, the bat>e </^ as it may sometimes be 
dcainiblc to aitaeb the regulator iHnxtij/ to the coniKvtor of tho coil, by Ui« 

K K *i 
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at a, passes utit dose tn the buUom of the cap, an<i U 
faatcuod by the ecrew-connector/, Tbta part ia nn4 
quiU" currvt-tly n7prt*««iU<l in tliu figure. Tbe laso 
y aliuiiU be m stiapcrl that tbe bole of tbe ooniicctw 
Ij« on A level witli the bottom of the cap a *;. Tba 
cupper connecting wire ebd name*i tbrougb a sloft^g* 
box in the centre of tbo upper cap A (Vbidi wm- 
acrews in urdor to intrndncv any couTcmteDt qoaoii^ 
of water). Tbe apparatus is interposed in the cirvuh 
bftnceu one of tlie extremities of tlie roil and the 
pff^on about to rL-ccive l)ic shock ; and, aecnrding 
aa tbe points of the wire <l and e are approximatxid to, 
or separated from one another, will be ilic sltctigtlt 
or tlie gentleness of the bhock. 
Fio. 2C7. (703) In Fig. 2<I7, wc bava aa 

engraving of a very powerful amagv- 
riicnt of the electr ric coil 

machine, niadc and [ i to tkn 

anthor by Jlr. W. T- Henley. A,« 
series of U sliaped ban» of i^ofl irea^ 
bolted down to a ha^e board, ml 
wound with four coUit of No. U 
covered copper wire to witlihi am 
inch from either extremity; over thii 
is wound a thoumud yarilB of Hn, 
34 covered wire iu one contlniaottt 
bnigth. B, the rovolving armntuir 
which rotates betw(>cn the poles oi 
tbo magnet Bxed an an axia, tbe 
lower end resting on a hard Bterl cap, 
the upper kept in it* p ' ' " . a 
screw ]visaing thrtiugh » • if 

ntetal mituutcd on two bran** col umn*. 
O, the apparatus for breaking ronlari, 
ronstHling of a small Icvt^r a, »u** 
pundod on a pillar, one end djpjiiag 
into a nu'rciiry cnp, 6, and the other end jtmvided with a friction roUer, 
ntnning on an undulating wliet*! c, the prominent jiart of which, ratHog 
the vm\ of the lever, dip** the other end into the mercury, a ipring J 
raiding it out when the roller falla on the lower paxt«i of Uie wbeeL A 
break-piece formed of ivory and bmsa may bo ttubstitutod for iUtg, but 
the oxide of the metal formed hy tlie ttpark ia aacb an ira|tcTlciot 
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iliietor, tliat tbreo cells liave no more elToct lli&n ono with ttic mercury. 
D E are tlie bindiug BcreWH fur forming connexion with llio battery ; 
the oppoaitu ones aru tlie euda of the secondary coil. On the &anic Hide 
of the baac with tho last (not seen in the wood-cut), ia an ivory knob, 
which being turned, connects the ends of tho secondary coil, eillier to 
diminish the primary spark, an the armature will then rotate for 
houre without burning tlio mercury, or to prevent the operator from 
receiving an unpleasant shock while adjusting tho instrument. The 
ends of the thick wire are passed through tho base, those from one pole 
wddered to E, tho other to tho niercurj' cup ; tho pillar C, and binding 
screw D, arc connected together. Thia machine works very well with 
ono or two colls of Smec's battery (273) ; and with an intensity scries 
of eight, tho secondary curreut is exceedingly powerful, the spark paati- 
ing I of an inch through air ; with a battery of ten of Sturgeon's 
cast iron pots (286), the spark from the secondary coil passes | of an 
inch tlirough air, and brilliantly deflagrates gold and silver leaf; the 
shock would bo far too powerful to be takeu through the bwly, for when 
only two fingons arc included in tho circuit, it is sufficiently intense tu 
be felt at the shoulders. With such a battery power the sparks from 
tho primary coil are brilliant in the extreme ; and from the ease with 
which the ends of the secondary coil are united and disunited, viz., 
by merely turning the ivory knob, the instrument is admirably a^laptcd 
for demonstrating at the lecture table the induction and reaction of 
electrical currents ; when the ends of the secondary are disunited^ 
the Bparks from the primary are large and brilliant ; when united, they 
ore small and faint.* 

(704) Titer mO'Eleciricittf. — Hitherto, we have been treating of and 
endeavouring to show tho connexion between Electricity ;is deiived 
from four different sotirccs. First, from friction under tlic head of 
•Statical Electricity, and Electricity from effluent steam. Scuttnd, from 
chemical action under the head of Galvanism or Voltaic Electricity. 
Third, from some poculiar power possessed by certain aniioalB, aa 

* A writer in the Lomloii. Eilliiburgh,and DubUii Phil.MQg.,(Mr. J. E.Ashby,) 
rccomifieiids Out irtm wire corored with cotton, b» a siibsUtuU* for coyper tu Uie 
Mcoml&ry colli, and states Uiat an Increase rather tliau a lUmiuutJon of etft'Ct in 
M^cnsioned thL-ruby, nl l«i thin one-»ixth of the price, and wtlh a itfrottt utyttt^ of 
■pace. Half a pimiitl of this wire costs U, 3<{., and mcasiiret uenrly 1400 fevt. 
Witli sccuniUry coils ni constructed, ho has beeu able, be sUktea, to make Uk ruag- 
tiPtic »pnrk pass through nearly onchundredth of an luch between two wlnv, as 
In Mr. Cn>nM'8 exi>crin)cnt (84U) ; ond by means of a battery of about four square 
locbos rirgnliw plate, and a leogith of only HMX) fevt in the wcondsry, tu excite a 
cuiTi'nl In the primanr coil. Mr. Onulot, Mr. Ashby oIjser»i», used fur Uic Mine 
purpose 'JIOO feet of cop|K.r wirv, ami twenty large cells of Daoicll's Imtlcry, j^t^ 
L. oud E. Pliil. Mag., Tul. xzl. p. -ill. 



ibe Wrpr60^ m4 gpnaetaa, mdrv tV U»d of Amm&l Elrrtrititr. 
Foartk, bum crrtaiB arm^cncvU with rojigveU, bocIgt Uic l»ciul nf 
Majraelo-Electricitj. Bat therv ib a fifth rrauukablc •unnv of Eke- 
tnaHj RBoniif U be ftolioed, %t»^ nUu 4»rG3opr<l HtnHttMi 

of tcn^tnftne. wUdk was fim obMrv«4 i»d Bvv n bjr H. 

S ulwck, IB cma mn B M^rtnwi to ibe AcMdemj ot Devlin, in the ymn 
laSl amA isttj tad to wbU Ibe Mwwa •! ulrfBf^vot oxperinoifca- 
Wto har* dnn ol lue yvm an Jai wiilng attwitf— w this cDtmtiy 
(700) TW original obserralioo of M. Sc«b(ck« wai> that drctrid 
MB be cxeiftrd in all ncteUe fandia bj dotmbiDp Ui» vqiuE 
of leaipoatofcv Uw canktaal oaodilSoai brings that the catrvni- 
tSea aboobl be in ofpocite staiet as regank lecttpefatiure. Illi afipantw 
was iiMiiiliUj aimple ; it cniHvatcd of two difiocnt laetaU (antitnony 
and btamvib woe lotrnd tbe most cfiacni) wMiifrl logvtbcr at th 
ext'vmitMS ami ftvnned iato frames of ntber a circtilftr or % rcctan, 
FlQ. 309. figarr. Electricily wms excited by the ap] 

cation of licat to tbe pbees at ^liicb 

1 metals were v 
liDceuf the in _^ 
between the cxtretmUcs. Fig. S478 sbuwa tbt 
di5:pnait]on of the appiiRltas ; the ncL*dh! uj 
astatic. The be«t effect is pro*luctfl l»v limtinjj 
one of the compound corners by the ilame vi 

a 5pirit-hmp, nnd coolmg tbe n ■* - ~'^ni 

by wrapping a few folds c*f filters . inwl 

it, and moiatcning it with ether. In Fig.^ 

209^ two rmmcs oompooed of pUtinum aiitl 

»ilTcr wirea are represented dclicatcJy piiidnl onl 

the poles of a hu^K^-^ht•c niujrnct, 

lamp being placed betn^een them, the flame 

eansee the circolation of thermo-electric cnirrenta m thai 

wbes as evinced by their rotation round thn polae of tliaj 

magnet. 

(701) Experimeiita liavo ohown Uial the thonno-l 
elfctric properties of metals have no ct--- ^■ 
thoir ;rnlvanic relations, or tlu:ir capacity 
Itcat or Electricity, neither do tluy accord iritiior wtUt] 
tlictr spinrific gravities or atomic wcightn. In forminj 
a tbonno-oloctric series, it is desirable to combine an oxtncnitf pfiaitii 
tive metal. The biiI)joii)C<l laUr, by I 
wrict(, every subutftiico \n\t^>• ^lu-^ in il 
it» uod tiiiuua to that whidi follows it. 
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Volu Mrie* 
by acids. 

['(tiAssiuiii 

Barium 

Zinc 

Cadiniunt 

Tiu 

Iron 

UUmnth 

Antimony 

Lend 

Copper 

Silver 

rallatliiMu 

TuUuriuni 

Gold 

Cli.iicual 

PLitiniiiii 

Iridium 

IMiiKlimn 



ScritM of conducton. 



KtectricHy. 
Silver 
Copper 
Lead 
Gold \ 
Brn^ J- 
Zinc j 
Tin 

Platinum 
ralladium 
Iron 



of hl'Ht. 

Silver 

Gold 

Tin 

C'Ojipcr 

Plntinum 

Iron 

Lead 



Th#rf«f» Mevfiic 

seriea. 

Galena 

Biiinuitli 

Mercury 1 

Nickel ) 

Platinum 

Palladitini 

Cobalt \ 

Alungancdc / 

Tin 

Load 

Brass 

Ithodium 

Gold 

Copper 

Silver 

Zinc 

CadDiiuni 

Charcoal ) 

PluuiUago J 

Iron 

ArsGuic 

Antimony 
(702) Many trials have hecn made to construct thurmu-eletiric pilwi, 
that woiild operate similar to the admirable iustrumunt fur which wc are 
indebted to the genius of Volta. It appears that the labours of MM. 
Nobili and Mclloni were first crowned with the greatt^t success. These 
two philosupherB constructed conjointly, a thermo-electric pile, with 
which they have made sonic very interesting exj>crinient9 on radiant 
heat. Tlic pile was cumposed uf fifty small bars of bismulli and auti- 
ujony, placed parallel side by side, furniing one prismatic bundle tliirty 
millimetres* long, and something less in diameter. The two tcrminnl 
faces were blackened. Tlie bars of biHniuth, which succce<led alter- 
nately to those of antimony, were soldered at their extrcmitiee to tlio 
tatter metal, and separated at every other part of their sutfaoea, by 
some insulating substance, such as silk or paper. The first and ln«jt 
tars had each a copper wire wliicli t^^rminated in a peg of the same 
metal pasHtug through a piece uf ivory, fixed in a ring. Tho space 
;wcen this ring and the elements of the pile was filled with some 
mlating 6uh&tancc. The loose cxiremitics nf the two wires were 
icctcd with tbo ends of the wire of a multiplier, which indjcated 

A moln if( rmn? inrhtn ^ u illaiiietroS'Oindia ; af?cuUni(^trrO-39 iuclicn; kud 
llUuik.'ln> OM>0^ inclwii. 




of Uio CuthoA bac 

of this Ukenno-cWtric p3c t« 

oa ndiADt h«ftt. I, A UsM 

Ivrng tiw wtra» bom iIm |ialai 
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wiUi tAke gihaaoaetcr or mvllipticr «. The e&Ue&iiiKS o( 
E at i lica^ iipiwiil to tuf aoone af n^ianl heat, andi ai the 
cjrfiaderrf bested hy Ae knp 1^ wfcik t^ tafMn 

ollMmtiaBiily ef ibe bna i^Mna nacfeneed, a cuiml o( ^if 

Fio. S71. 




ipusod 



thtOBgli tka wim from Ibc polos of flw 
pile wmd cBona the aeedle of tho galvaoovMlcr 
to be ildfartaii The qoantity of Elcetncitf 
cirralatiog* incfvaaoi in proportion to tb* 
diffeRnee of KKb iempenbuv of ibff two cwb ; 
that Ib» IB pmpovtian to tfaa qmotity of hat 
fiiJfiiig on h, aod tba effect of this cnrrrnt of 
Qcetncitr on the needle, or tlie deviation pco- 
daccd, U proportioniU to tlio qTuuitity of Elee- 
tricttr cimtUttns;, And conscqitmtiv to tin) baat 
itdclf — at Ica^ Mclloni 6iid3 thia corrcapond^oor 
to be exact througli t)ic whola aio from teto tx> 
twenty degrees when thenccdWistml/aataiic.* 

(708) Tharmo-pilir* arc now «ooitn>ct»d by 
soldt-ring together nt their altcniata c«)gn«, hatr* 
of antimony mid bUinnth, witli aqnarH of card* 
board ur thick paper mtorrcninx to pvvtant 
contact, the terminal metahi bring fnntnbel 
with wires for the conmiivncc of connexion. 

Fig. 271 is a nrpraacntatinn »f a oonTrn- 
ient form of the thermo-elect- 

to 100 aeriM of har* of am...* i.. 

* Omhun't Chemtitry. 
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tnuth soldcrcc! together at their extrt'mitics and placed in a metallic 
cylinder which is then filled witli planter of Paris, leaving merely the 
cxtremitiea of the bars exposed. The first bar of bismuth is coonectod 
■wnth ono mercury cup, and the last antimony bar with the other 
cup. The inatrument is put in action by placing it in a vessel of ice 
and then laying the hot iron plate on the top, 

(700) Tlio first account wc liave of tho production of a sparV from 
B til crmo -electric apparatus, appears in a communication from Professor 
Wheat«tone to tho London and Eklinburgh Philosophical Magazine, 
Tol. X. page 414. Tho following is the simple statement. 

(710) Tlie Cav. Antinori, Director of the Museum at Florenci% 
baring heard that Professor Linari, of tho UniverMty of Siena, hod 
succeeded in obtaining the clectno spark, from the torpedo, by means of 
an electro-dynamic helix, and a temporary magnet, conceived that a 
spark might be obtained fay applying the snmo means to the thenno- 
- eh!ctnc pile. Appealing to experiment, lits anticipations wore fully 
I rralizcd. No account of tho original investigations of Antinori has 
I rrached, we believe, this country, but Professor Linari, to whom he 
I rorly comniuuicated the results ho had obtained, inHnediat«ly rejHrated 
I them, and published the following additional observations of his own, 
kn I/Indicfttore Sancsc, No. 50, Doc. 13, 183C. 

^y J°. *" With an apparatus consisting of temporary magnets, and 
electro-dynamic spirals, tho wire of which was five hundred and 6ve 
fcot in length, he obtained a brilliant spark from a tlienno-clecLric pile, 
of Nobili*8 coustrnction ; consisting only of twenty-five elements, which 
was also observed in open day-light. 

2°. " With a wire eight feet long, coiled into a simple helLx, the 
frpark constantly appcareil in the dark, on breaking contact, at every 
interruption of the current ; with a wire fifteen inches long, ho saw it 
seldom, but distinctly ; and with a double pile, even when tho wiro 
WAS only eight inches long. In all tlie above mcnUoned cases, tho 
tt|>ark was observed only on breaking contact, bov^cvcr much tho length 
of the wire was diminished. 

3^- " The pile, oonsiBting merely of these few elements, readily de- 
composed water, within sucli restricted limits of tcmpcratuTO, as those 
of ice andboUing water. Short \%irea were employed, having oxidable 
extremities ; the hydrogen was sensibly evolved at one of the poles. 

4°. " A mixture of marine salt moistened with water, and of 
nitrate of silver, being placed between two horizontal plates of gold, 
communicating respectively with the wires of the piU', tho latter, after 
having acted on the mixtnrc, gave evident signs of the aiipcaranco of 
reviTifiod ulver on tlie plate which was next tho antimony. 

5®. " An unniagnctic needle, placed within a close heltx, fonueil 
by Che wire of the circuit, being well magnetised by the cnrccot. 
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g!uliu1e, so OS to hont unequally the wires in contact with it; nnd tha 
ooTTcs|>i>nilin(y extremity of each wire being preserved at the liigher 
toDjperature, the current was trnuMnitted in the 8uino direction through 
tUc whole eeries. Hy conneetin;^ tlte extremities of lour cells of this 
omngeuicnt with an apparatus for decomposing water, in wliicli the 
opposite poles consisted of a thick platintim wire, and a guarded pbtinum 
pointy (both heiiig immersed in dilute sulphunc acid), very minute 
bubbled of gas soon appeared at the guardeil point, and slowly sopa- 
mting from it, ascended through the liquid. They were obtained in 
whichever direction the current was passed, but rather more abundantly 
when the point was negative and the wire positive. With only two 
ccll^ similar bubbles formed in a visible manner on the guarded point, 
but in such exceedingly small quantity, that they did not separate from 
it. With an arrongement, conlaiuiag twenty cells, a doubtful sensation 
wa« communicated to the tongue, when the poles were applied to it : 
but no spark was visible, although the current was passed through a 
helix of copper wire, surrounding a bar of iron, and the contact was 
broken with great rapidity, by means of a revolving apparatus. It is 
necessary to observe, however, that the lampa were unprotected, and 
that it was impossible to render the flames of such a number of spirit- 
lamps, buniing near each other, so steady, as to heat at the same 
inoment, in the required manner, ult the globules and wires. With an 
enlarged and more perfect a])paratus. Dr. Andrews thinks a spark 
niiglit be obtained. 

(718) Ilcuce it appears, that an electrical current is always pro- 
duced, when a fused salt, capable of conducting Electricity, is brought 
into contact with two metals, at difTerent temperatures, and that power- 
ful chemical affinities can be overcome by this current, quite iwl^'p^n* 
flt'ntlj/ of chemical action. The direction of the current is not influenced 
fay the nature of the salt or metal, being always, from the hotter metal, 
through the fused salt to the colder ; its intensity ia inferior to that of 
the hydro-vlectric current developed, by platinum and zinc plates, but 
greatly superior to that of the commoD thormo-olectric currents, and is 
CApablc of decomposing, with great facility, water and other electro- 

yWtes. Dr. Andrews found also, that currents were produced Ifforr the 
IplH bocomca actually fm«ed, but that their direction no longer follows 
the simple law before enunciated, but varies in the most peqilexing 
manner^ being first from the hot metal to the cold, then %vith an ad- 
dititm of heat, from the cold to the hot; and again, with a second 
addition of heat, from tlie hot to the cold. — (See Dr. Andrew's paper, 
in teuth vol., and 433 page, of the L. and £. Phil. Mag.) 

(719) Since tlio phenomena of Thermo- Electricity seem to account 
in a very salidfactory manner for the general di^ribution of KIccUvl\^ 
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and ma^ottsm over lli>^ oar' nait ikUacbod to tlu pvnrariii- 

relopment of the ditblil ag- .ve bcvn cngaigod whh, if csccoiT 

uigly gnat. Tb&t the earth may be crmsideRd aa a ffittal magm lla 
pbenomena of the dip of the ncodlf (5i4)«afieari) iwi tk 

facia ooaooototl with t<lectru-uia<^m*ti^ii, as aet fortl' nrrcrdi^ 

fiagea, lead to the condnaion tliafe, wihm a mo^cuc aNdlo it ia ili 
natural fK»ttion of north and sonth, there exiat elacttkal comnta ia 
lilaoes at right auglis to the needle dcsocndhig on its tmaH aid^ aaAa*' 
eeoding Of) iin west side ; wc must henoc snppoae ibat eimvBta ^ 
Hlootricity ore constantly circnlntiiig vtithiu thcearth, aqpaoiafly afltfito 
9itr£ice, from cost to west, in pUne? pArallcl to the magneiiB a nartuu 

(715) Tho cause of tbcae electrical corrpntfi Itas tnen tbaa et> 
filuned.* Tlie rarth, during its dhimal motion oo ita axis fnun «aa 
to craat, haa Ha anrfnce snocrssirely exposed to the aolar rays, injn ii^ 
pgaitr dirrction, or Erum oaaC to west. Hie surface \>f the eartliy tfaci»> 
(nv, particniAilj brtwoeo tho tropics, wilt be bvtited and omIMih 
mtrr miob, from cmat to vest, ami carrents of Elcctriciiy oa tLcnaa- 
tilaU iic principUa will, at thu samo time, ba wtaldbbwi in the mam 
^ rwt SoB : DQW, tlwee carrcnts unce established, from eaat to waat^ 
td cause, give occasiofn to tlic magnctinn of tho oarUi fnaa 
anntb. Ilcno? tho magnetic dirrctire power of Uio carib, to a 
BeaHy pafalld with its suds, U deri ved from tbo tbermo-clcrtnc 
iodaopd in ita equatorial regions by the unequal dijdrilvQti<iffi of hcit 
there pceseot, and depending principally on ita diiirual tnfitiou {wt pais. 
570, 571.) It does not belong to thti question to cumidcr wbctbar th* 
phaneoataa of tlionD»^eotxioity aetaally depend im the d«!M)«n|»Mi|iaa 
of baafti faOcnt or atttttble, aa aoma snppoae, like /tcU arc waU tauh- 
lieiwd, aad tho siropie manner in wlueli tbey account for IcrmAnl 
maigue^sta^ S^*^^ tbeni a high degree of importamv and lalcvaaL 

(71ft) Tbc whole subject eatnoi perhaps be better coooladud ihaa 
with the following qoot&tioo, from tho wnrk of a hi|{li]y di»t«yiiAcd 
pliiiaaiipher.t ^Thoaa ivcent and bvantifnl fKaoovviaa -' (lit 

neat atrikng rmummt, that tlio oparaUooa of natnfa art r%- 

ofi^ary, and iadicato more of ahnplicaty axtd wi«dom oT dadfca ta 
pinportioa as they ate better imdoatood. By wliai * - ^ -:^<diont% 
mhm bnewa« arr thoae vtmdecfU pbcnocwnia of tbt «trmtf 

and MagiieCiaai prodaeed, athich bnnerly appeaitd <nJ 

perph^xingf Awl vliat oaoovfageoMSii &o Cheao di- m 

to ns with nepect to fatora diae»TCffie^ thai nrtay i l.« 

light n(Hm the optfrataotu uf the great Arobiuct of thu uuii^tf^r' 




* t*cv«lV DfMgv««lrr T/MlUc, p. £0. 
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(Sre JP#/r. 41, ct xctj) 
SniCR this portion of otir work ^mssctl through the press, Dr. Faraduy han 
puhlisliet] «oine further expcriiiientat deinonstnitions of his view* rehitive to 
sialic electrical iiuhit-iive action.* A pewler ice*puil, lOJ inches hi[;h and 7 
indict diameter, was iniiilaied and connected by a wire with a delicate (fold- 
leaf ek-ctrometer ; a round hniss ball iDSulaled by a. dry thread of white silk 
wu chargctl tit a distance by a tnacliine, or Leyden jnr, and introduced into the 
ice-pail ; the leaves of the electrometer immediately diverged with the same 
kind of Electricity as that wiih'vrhirh the hrn^it hall was charged : when the ball 
was removed the leaves collapsed. On introducing the electrified ball into tlie 
|«iil, the divtrgcnce of the electroscope increjised, until the ball wa« about 
three inclios below the edge of the vessel, after which the leaves remained 
steady and unchanged for any lower distance ; this shows that at that dislaucc 
the inductive action of the ball is entirely exerted upon the interior of the icc- 
patl, and not in any de^ee directly upon external objects. If the hall he made 
to touch the bottom of the pa^l, ail its charge is communicated to it ; there is 
no longer any inductive action between the ball and the pail, and the br»ll,upoM 
l«irig withdrawn nnd examined, is found perfectly discharged. Now when llie 
hall IS merely suspended in the pail, it acts upon U by im/uction, evolving 
Klcctricity of iu own kind on the outside ; but when the ball touches the pail 
it communicates F.tectricily to it, and the Electricity that is afterwiuds on tlie 
outside may be considered as that vvhich was originally on the hall. As this 
charge, however, produces no clhct upon the heaves of the clecirorneler, it 
provcft that the Rlcciricity uuhtctd by the ball, and ttie Klectriciiy in the ball, are 
accurately equal in amount and power. 

Dr. Faraday then armiii^cd four ice-pail>, one wiihin another, insulated by 
pUte^ of shell-lac, on which they respectively stood ; with this system the 
chi|rge<l h;jll acted precisely as with a single vessel, neitlier did ii make any 
difference whether the ihrcc interior pails were insulated, or whether they were 
in metallic cnunexion, nor when for the pails a thick vessel of shell-lac or luU 
phur was substltuied. 

When in the place of one carrier, inatiy carrier-balls in difrereni positions 
were iptrodnce*! within the inner Tes.<«l, no interference of one with the oilur 
was found: they acted with the same amount offeree outwardly ua if the I'ltr. 

• L. E. & P. t*bil. Mug. vol. astj. p. 300. 
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r-jcr* w=ri «rrtaei in^rrrir otw ooc cvrier-liall, however moeh the dbtriba- 
^•:c IK fvk ajTuT sat hive been distnibed by its neigfabonn. Thoi a 
2!iru_i L=;:*^t :c El-sc^r-^tT actmf vithin die eeatie of the ice-pail, eierts 
ti.hrL-T ~74 sT^i z•:v-^^ tfrTcnfe.i._t. whedier it act by indocticKi throagfa the 
i.^.^:^ ':<c«-££i :: iZfi '^^ ro-l. cr vt^ther it be tnnslerred by coodoctioD to the 
70.. s: kf iJsacKiZi'.j ;: ies-rrcr i^ prerioiu indnctioa within. 

A r^-<:c3 :':c5^>i£r%:=r:c arae» 6tKn this perfection of inductive actioo. 
" Si :~*>w 1 u r zz>::'iLrzfi =«iL!lic dobe, two or three feet in diameter, inn- 
'a.:=-i ^ iii£ r-fiil^ rr a .:iA=.:«-. isd then sappose the spice within this globe 
.xTiTuei 77 ^TTSbis :c' L'zL« resJciei or particles charged alike with El e t t iici ty 
:c ijfisr^-. s * ret ea:i. iiis^^Iaieii from its neighbour and the globe; their 
jic :<:=-i^ Tcvtf- v-n^i be $:>:d tr-u the oatside of the globe wcrald be charged 
w .1: X izrsi «C£L. :: ue sr= cf <^' ihetr forces, and any part of this g1obe(iiol 
::-'.^-^»i ZK izMcT v^i c:tc is *oc^ and powerfiil a spark to a body brou^ 
z<^ .-. if J T^e EZ-etr^nc.tT 01 al! the particles near and distant were on the 
s:.-^.-^ :r i:j« r-cc« ;:«£-. If ve paA> from this consideration to the case of a 
.- •.-•^i, xxtsz. uoiii:!. «« ra*-ot alidgcther compare the external surfiue of tl« 
. <;•!;: :: tu aeCLl-c fsriKe of ue ciobe, yet the prerioos indnctive effects 
^ .xc v< iJTZi. iz*i :3 *;^-i::^^ are the same; and when a charged clood is 
.' • : * :^a e^n:. i-iirXL^ ::» E^«carxi:y nuy be diffused over every one of its 
-.u.- c>s« ir>i =c .=>:r:i::: psjt of the irndkciric diaige be accumulated upoa 
■> «.:o£t: j^'^'^. i«c :2yf irKiactko cpon the earth will be as strong as if all 
; \i.: :c<r:.^:-i .-c :;rK «^-c^ :» dzrecfcd towards the earth ir«rr upon that sur&oe; 
i c :*< $=i:i .Y :b« eirth. 1^ its tendency to discharge to the cloud, will be 
jLs." 15 Kr.- .; - iX'i r:c=A: is ia lHc lanfrcase. As to whether lighloiog- 
.' -;.\,-;if ,v^:;-iss ^:i£ .-cirz-e-i fTvfrtsor berins first at the cloud or at ihi 
;;-t .:m: j i. =j.:::c iis =rr« i:f£culi to decide than is usually supposed; 
:'<;*.- -\: ciI tec .--5 v~.'*-'i le^i —t to es.p'ect that, in most cases, perhaps ia all, 

Set :?,-— 1:4.. 

S.-,v :Ss; .M-i^~vr# wirf rr^ted, a i-a!aable essay "on the Natureof 

'." . ■ : : ■>!;■—.■ -^ * X -•- . .-^ iv j-cx-ei :n>ni iho pen of Will iam Soow 1 larris, Esq. 

s' .■•.7^ rsT\i-v> vZ :r.-t r7.«uo=:ei:a of hd^tning are so important and 

.;^>; ,;. -.'a: *.-'* i-;.v: ~ak£s no excuse for transplanting them into ibii 



" A--C-.' »i.* ..".i* :>£ r'r*7.-x^ri of l.chinioj into three classes. In the 6r« 
■ f ■.- i.^.* :'- ,-** .■- V - .-.:* c-><:." *ri« chAracteriicd by a long streak of light, very 
,. .; «i'.'. «ir.r<c 4: "« w^e*; th*y are not always white, but are soine- 
- .-. «> .:* JL t::.i\ :: •fcr^^U huc : u*^y do not ciore in a straight line, but have a 
,•.» *: .-; :-i»,fc -■:' * - r;i; :V:x. TVi*y fnc^uenily divide in striking terrestrial 
. . i.:^. ".:,■' :«\? cr :7.v>h: c *::r.ct si^eax.*. but mrariably proceed from a siaf^le 
.1 :*u-: :>tf Sivvr.i c'.ii* Ara^o has placed those luminous effects not 
. .» :z x\ i7:.i:t::: oij^:h. biii txpar.din; over a vast surface ; they are fre- 
v;,;* : :"v coloiirw; :\^.i, ';-*utf a-.J TuVit ; ;hey have not the activity of the former 
c.^'"', a:..: jTi ^*.i\-:r\.'.y vo".r..;Lj to t>.e edges of the cloud from «liich they 
Ai'pi.^: to {'Tuoc^'vi T.^e ihirvi iliss comprises those more concentrated masses 
K^i i.^ht which ::e las t«rmeJ g!obular lightning. The long ti^^zag and eipaodcd 
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fioshes exist but for a moment, but these seem to endure for many acconds; 
they Appear to occupy time, and to have a progressive motion. 

" it is more than probable that many of these phenomena ar«at last reduci- 
ble (o the common progress of the disruptive diiicharge. modified by the qunnttly 
of passing Electricity, the density and condition of the air, and the brilliancy of 
the aliendant light \V hen the slate of the utiuo^phere is such that a modemtuly 
inteitfie di»chai^ecan proceed m an occasionally deviating zigzag line, the great 
nucleus, or head oftlie discharge, t>ecomes drawn out as it were into u I iae of light 
risible through the wholetrack; auj if the discharge divides on approaching a ter- 
reitrial object, we have what sailors caliyof-Avii/i^A/fjjn^; if it does not dividtf, 
bill exhibits a long rippling line, with but little deviation, they call it chuin 
lightning, ^Vhat sailors term ihcet UglUningt is the light of a vivid dLtcharge 
reflected from the surfaces of diiitant clouds, the spark ilseltbeing concealed by 
a dense intermediate mass of cloud, behind which the discharge has taken place. 
Id this way an extensive range of cloud may appear in a blaze of light, pro- 
ducing a truly sublime effect. The apcarance termed (•hbt/lar ligftining may 
be the result of similar discharges; it is no doubt always attended by u diffusely 
luminous track ; this may, however, be completely eclipsed in the mind of the 
obMnrcr by the great concentration and density of the discharge, in the points 
immediately through whicli it continues to force its way, and where the con- 
deusution of the air immediately before it, is often extremely great. It is lliiB 
intensely illuminated point which gives the notion of globular discharge : and it 
15 clear, from the circumference of air which may become illuminated, the appa- 
rent diameter will often be great. Mr. Hcarder, of Plymouth, once witnessed 
ft dischurgti of liphtnitig of thiw kind on the Dartmoor hilU, very near him. 
Several vivid Hn^hes had occurred before the mass of clouds approached the hill 
on which he was standing; before he had lime to retreat from his dangerous posi< 
lion* a tremendous crash and explosion burst close to htm. To use his own 
words, "the spark had the appearance of a nucleus of intensely ignited matter, 
followed by a Hood of light; it struck the path near me, and dashed wtlh fear- 
ful brilliancy down its whole length, to a rivulet at the foot oftlie hill, where it 
lenninaied.' " 

Appearances termtd k'ire Bails.— " A great deal has been said relative to 
these appearances, and some doubts have been entettaincd of their real exist- 
ence OS men; balls of electrical light. Nevertheless, the evidence of the exist- 
ence of a form of disruptive discharge, faithfully conveying to the observer 
suchfto impression, is beyond question. A curious instance is given by Mr. 
Chalmers whiUi on l>oard ilie Montague, of seventy-four guns, bearing the flag 
of Admiral Chambers. In the account read ai the lloyal Society. (Phil. Trans. 
Tol. xlri. p. 36G) be states that * November 4Ui, 1749, whilst taking an obser- 
ration on the quarter-deck, one of the quarter- masters requested him to look to 
windward ; upon which he observed a large ball of blue tire rolling along on 
the surface of the water, as big as a mill-stone, at about three miles* distance. 
Ikfure tliey could raiae the main-tack, the ball had reached wiihin forty yards 
of iheinnin-chains, whtn it rose perpendicularly with a fearful explosion, and 
sliatterrd ll»e main-topnia»l to pieces.' In an account of llie fatal eflccls of 
lightning in June, 1820, on the MaUem lliUs, when two young ladies were 
Mfuck dead, tl is staled (Lloyd's Evening Post) that the eUcUic discharge 
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* appcarc<l as a majs of fire rolling along llie hi!l townrtls the btil 

ilic party hod taken sheUcr/ " II is by no means easy l<' - , 

appearances on Uie pruiciplcs applicable to the otdinaty electric spark: iW 

iimazing rapidity with wliich this proceed?, and tlic raomentr-^ ' -^ " 

the light, renders it almost a mutler of imposiibilily thai the l' 
appear under the form uf a Imll of fire; it would be a tmi 
we roust look, therefore, to some other source for ao r 
nppea ranees. 

**Now it is not improbable that in many cases, in which distinct UWlrf 
fire of sensible duration have been perceived, the appearance has rtstilted f»a 
Ihe species of brush or glow discharge (described 67 — 75) %*hich mayoRw 
precede the main shock. In short, it is not difficult to conceive, that before* 
discharge of the whole system takes place, that is to say, before the c 
condition of ih** dielectric particles of air intermediate between the » 1 
the earth becomes as it were ovcrtwrned, the particles nearest one of the wnai- 
naiing plane* or other bodies situate on them may begin to discharge upoalk 
succeeding particles, and make an effort to restore the natural conditjnn of ili 
system by a G^'adual process. 

*' If llierefore we conceive the dischorging particles to hare a pro^r**"** 
motion from any cause, tiien we shall immediately obtain such n rv* 
observed by Mr, Chalmers, on board the Mimtafiuc, m which a hi: 
blue fire was observed rolling on the surface of the water towanis the «•'»!' 
from to-windward, Thia was evidently a sort of gftnv diurharge, or St. Jftimn 
Jirt, produced by some of the polarized atmoiipheric particles yieldittg uptMt 
Electricity to the surface of ihe water. The clouds were in rapid mutioa: A* 
discharging particles had motion towards the ship, the rate of which app«rt 
from the account, to correspond with llie velocity of the breen*. ' ' 
the ship, the point of discharge became transferred to the head oi 
and the striking instance being thus diminished, the whole system returned w 
its normal state, that is to say, a disruptive diHchurge ensued between thr 
and the clouds, producing the usual phenomena of thunder and lightani^, 
termed by the observers, the * rising of the b.ill through the ni»»t of the dnp* 
The fatal occurrence on the Malvern Hills, is anolht-r insiance of Ow 
kind. It is therefore highly probable that these appearances so d 
marked as conceulntted bulls of firCt tre produced by ibu glow or bru 
charge, producing a St. Uelmo's fire in a given pointer points of a cJ»« 
system prcviuusly to the more general and rapid union of the electrical fo 
whilst the greater number pf discharges described as globular lightning, anv 
already observed, most probably nothing mure than a. vivid and dense 
tncal spark in the act of breaking through the air, which, oomirig snddi'nij 
the eye. and again vanishing in an extremely small portion of timet ^^u 
deaignutod a ball of light." 

One more extract from this valuable work: speaking of the cmis 
lion of lightning-rods, Mr. Harris says :— ".Conductors fur the prwection 
building* are not unfrequently insulated in their coursw by ttiwms of jl 
pitch, or »ome bad conductor, or otherwise ure apj^lied at 
froni ihe walls, so as to Interpose a stratum of atr Iwiwcen their 
ing. This practice is not only uaeless but disndvantagvou*, aitd ut 
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BconsisUnt will) ilie principle on v^litch cnnditctors are n|»}i1ied, viz., that 
■t providing a line of conduction to the earth, wrbicb, by a law of nature, 
m electrical dischurge will foltovr in preference to any other. To ima- 
gine the possibility of its leaving soch tt line (o more in a more difRcuU 
ptuh Uirough the building, is viiiually to admit Omt v/v distnisl ibe hcli upon 
wtiicli our rfafoning i* founded. But if an electrical discharge is never found 
10 have an easy line of transit, in order to pas** upon matter out of such a line 
(1P6), the insulaiion of condiiciing rods is evidently unnecessary. If the con- 
ductor be placed at a short distance from the building, it is decidedly badly 
Bfeced, since experience has shown that discharges of lightning are often 
llncertuin, and determined through the air in otiicr directions than that of the 
conductor. Ilenct* we cannot apply a coDduclortoo closely to the walls of a 
building uhicb we are desirous to defend. Besides, it niuy be observed, that 
if by any Ian of electrical action the discharge could pass out of the line of 
the conductor, it is very unlikely to become arrested in its course by a few 
inches of any solid insulaling substance, or by u few feet of air. A tli&sh of 
lightning which can break throogli a distance of several hundred yards, in an 
atmosphere of the ordinary density, and shiver the most compact bodies into 
fragments, would scarcely be arrested by such insignificant means in any 
course it may be determined in. The principle of a lightning-rod is either 
absolutely true and in accordance with certain laws of nature; or it is a mere 
assumption unsupported by such laws; bui it cannot be both. 

** ^Vhll^t on this point it may not be out of place to notice an opinion pre- 
valent with many, viz., that by placing a ball of glass on the projecting points 
of buildings and ships, lightning would not fall on thctn, glass being consi- 
dered as a rrpelier of Electricity. Under this impression thick balls of glass 
httve l>een in some instances placed on Iightliuuse:< and on ships' mails, Its 
opplicalioii is, however, manifestly absurd on t)ie^ grounds : the jjlass bting 
merely a substance of low conducting power, and not dissimilar to the air in 
its electrical properties, it may in this sense be considered as a mass of air of 
QDUsual density. The employment of glass as a repeller of Electricity being 
founded altogether upon an assumption, and totally at variance with the first 
pKuciples of electrical science, it is not without regret we find it employed in 
e of our public buildings of great national importance, as, for example, in 
e of our lighthouses." 

(Sff Pnr. 175—209.) 

Subsequent to the printing of this portion of our work, an excellent paper 
" On the difl'erenre between Leydcn discharges and Lightning Flashes/' &c. 
has been published in the '* Proceedings of the Electrical Society," by the 
Editor of the Electrical Magazine. It would be impossible to do justice 
lo this memoir, extending as it does over forty closely printed pages, in 
so brief an analysis of it as we could afford space to give in this Appendix. 
There are, however, one or two passages in immediate connexion with what 
U.vt before been said, which, in justice to its author, we must not omit to extract 
for our readers. In a note in this work (see page 119), the following setit«-ncu 
occurs : " It is worthy of remark that Mr, ^^ alkcr uses tJic expression, *difi- 
sioD of charge,' in preference to * lateral discharge,* a very difl'crent nfl'uir, the 
«tisicnce iff which was the principal topic of discussion lictwecn Mr. Uarris 
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irA Mr. Scuriecc." On this subject Mr. Walker rrmarfc% ''As X Iutc do« 

Kari ccrAHi''^n to a-w rh-s tenn ' launu diKfaarz^,' it will Dot be oat of place ta 
ha!*. .\'irH. atA \i rhe expenn; or' icoie <irX7e»ioDf co dev^Lope ihe ideaj rcpn- 
jftr.Vfl '--y ihii '.«rin: I i=r. ^pticjaily called upoo to do Uii», as Mr. Uarrisia 
ail-i^x". to Ehe conrrnu ot' kt paper ' <>n toe acrioo of Lizbtciog Coodacton,' 
layi, * nt% ii r^Hiie ltd to modifr L^e views onzinally entertained on ibc qvo- 
tiOfl. *r.fi io ir. hiA Kcoud p4j« mixa ap lateral d acharze, aboat which there 
w7kA r.fjfw^n T^iyifiii \T.d Mc. Srurz««n, a difference of opmioa with 'dhriniMi 
of chirr^/ abr.>ii whicn th'ire re-.iLlj ha9 cever been any difference eiihcr wtA 
mvit-'.f or oth-^ra." I have already expressed my opmioa ^ that sparfcf will 
pass r'rotn a I £hrr.ir.^ rod to vicinal conducting bodies,'* bat whether this idn 
be to b«s d<r^.rna:eii by or*e name or the other, I do not care to detcfmioe; ill 
naturct, which I hope to shew, would indicate a preference for the bner naac 
.,..(Mr. WalA^r thro quotes from Daniell and Faraday, to show tfaalthoe 
elec^r.cUr.i cor.i;r^l*r the terms sosiewhat synonymous) be then proceed i 
** now Mr. Hrf.rrii admits that if a passitis; di^barge of Ii^tciDg on its way 
down the rod A B fs^e Fi-^. 8'2j, meets wi:h less resistance at e or r, than is 
th« conductor A b, it would divide amoncst them: is it not then c<)aa)ly clear 
that tt would 4lill pass by them, if half the said resistance were at e and r, and 
the oth«r half at d andy. And would not this be a lightning rod (even accord- 
ing to Mr. Harris's showinz; »endine off a destructive explosion to semi- 
in^i^Uted bodies? ^gain^t which he protects, saying there is not * any such 
instance in common Electricity, or in the operations of nature.' For be it 
remembered that the whole tenour of my papers has been to show that the 
liffhmir.^ di^char^e pursues the path or paths offerins in toto the least resist- 
anc*", — to show the practical re-sults of Mhe well known property which an 
eleciric'dl char'.fe ha«, of pa>«>ir.3 that way where it meets with the least resist- 
anc*;, and consequently of .iividing it-self, and of preferring a very short passage 
throui*!i indifferent cor;ductors for even throuch llie air) to a lonff passage 
ihro'Jih met-ils.' " Viscount Mahon, vuU Principles of F.li»ctricity,p. 216, i 537. 
Th*: rerider interested in this iitricute question, should now carefully read what 
Mr, Harris says on " Iiiteral discharge,'* and ** division of charge," in his Essay, 
from p^i^e 104— SOB. 

Opportunity may here be taken to correct a litlle mistake in Fig. 81, in 
which th«: wire <> \^ rrpresented as passing through a glass tube, and thus u 
inaiil'ited from the di^c; this is Mr. Walker's variation of the experiment In 
the original one of Mr. Harris^ the wire O was in metallic connexion with the 
lower disc, and tiien no sparks passed between C C and O, when the upper 
disc was electrified ; but when the wire O was insulated by passing it through 
a glass tube, as shown in the figure, Mr. Walker found that a spark was 
vi-iihle at O every time one was thrown on C ; but when metallic communica- 
tion was made by touching the edge of the disc with the wire D, the sparks 
cfascd. " Now," says Mr. Walker, " Mr. Harris's experiment with the discs 
is rrxJictly the condition of a copper-bottomed vessel, fitted up with Mr. Harris's 
liuhtning conductors; and the same reasons which operate in preventing the 
Kpark in the one case, also operate in the other; the meullic sheathing is the 
means of communication with the ocean, and, therefore, to the sheathing will 
ihc chiirge tend. Now the whole area of (his sheathiog is small — small, that i% 
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compared with the disc of the earth elsewhere considered ; and many perrect 
metallic paths unite the conductors with l]m sheathing. IT then no division of 
the flash would pass in our illustrative experimcni to O, in actual mctultu: eoa- 
nerioti with the lower disc, d fortiori^ wo division would pass (o a metallic body 
in thtf 9lnp nn( in mriatiicconncTton with the xlieathing. Tis true that if the 
path of resistance by means of such a body^ were less than (hat by the conduc- 
tor, tl would pus ; but such is physically impossible under the circuuistanccs, 
for lite increasing mass of conductors, as they reach the hull and the many per- 
ftct mctntHc connections which unite them with the sheolhinst, offer far le« 
resistance, and, therefore, ojfrr a much more rrat/if tntmit than ant/ later ul path 
wkatrver. In other cases, the conductors abut upon a disc of water, and are 
subject to the same law* of comparative existence as the discs on shore." Mr, 
^'atker conchides his Ksciay with the following handsome eulogium on Mr. 
Harris's conductors. 

** But for coppcT'bottomcd vessel^, Mr. Hurrishas devised as good a system 
of conductors as ingenuity could suggest; at least, such they appear to me. 
Uumanum ett trrarc — and I am not exempt from the common lot; yet if a 
patient and very laborious investigation into the state of our knowle^e of the 
action of Iighlniu^, lias given me any insight into the character of lightning-rods 
— if such study has not been in vain, and I have acquired nught of confidence 
in forming an opinion, and aught of influence in urging that opinion on others, 
I give my decided testimony in favour of *The Plan of William Snow Harris, 
Esq., F.R.S., relating to the Proleclion of Ships from Lightning/ And should 
the dtiy come which finds me on board a vessel thus protccte<l, 1 could offer no 
better evidence of faith in my opinions, as e^ipressed throughout this memoir, 
and of conviction of the efficacy of Mr. Harris's conductors, than of free will to 
make my couch eveu within the powder-maguzine — so assured should I feel of 
SAT err.** 

{Sec Ptfr.280, 281.) 

Tlirough the kindness nf Professor Grove, I have been furnished with a copy 
of his paper on the "Gas Voltaic Battery," read before the Uoyal Society, 
May 1 1th, 1843, and I gladly lake this opportunity of presenting to my readers 
a brief extract of its contents. 

In the Professor's first experiments (280) it was found that 36 pairs weretha 
smallest number that would decompose water; the arrangements have, how- 
ever, subiequenlly been so much improved, that tlie same results can nuw be 
obtained with 4 cells, and iodide of pousstuni decomposed with a single one. 
After detailing some experiments, from the result of which the occasional 
unequal rise of liquid in the hydrogen tubt? was referred to local action, Mr, 
Grov* fays: "As a general result the njuivnUnt action of the battery was beau- 
tiful; with fifty cells in action there was but a trifling dilfcrcnce in the rise of 
liquid in all the celU, and the rise of gas in the voltumeter uppeured so directly 
proportional, that an observer unncquainte<J with the rationale of h voltaic bat- 
tery, would have said the gasci from the exterior cells of the battery wure con- 
veyed tlirough the solid win:s and evolved in the voltameter, and had this been 
the first voltaic battery ever ioveuted, ibis probably would have been the theory 
of its acuun." 
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Virv Ke: Ic, bul co^uooouf . 

\ >-:u':!c ejects. Sl.ght symptoms ofde- 

( cC'Z:^-rsir,g water. 

i Ccr^iderabk action at first, scarcely [ler- 

< ctp-t.ble in '24 hours, 

ic ac:i . About the same. 

\ Fowerfcl e3««t5. Two cells decompo*- 
C in; water. 

CJIilorine and carlx>nic osiide Good. Ten celU decomposing water. 

Clilorine and oletiant gu Feeble. 

Tiif: most interesting! practical result of Mr. Grove's experiments on the gas 
\jM\.f.'ty, will probably be m application to Eudiometric purposes. "Two nar- 
row cubic inch tubt* of seven indies long, were carefully graduated into 100 
parts. 1 licse were immersed in separate vessels of dilute sulphuric acid, and 
lilli.'d with atmospheric air exactly to the extreme graduation; the water-marlt 
williin the tube was examined when exactly at the same level as the exterior 
hurf:icc of l\ui lif|uid : folds of paper were used to protect them irom the 
wiirnilb of the hands, and thus prevent expansion ; the barometer and ihermo- 
luctiT were examined, and every precaution taken for accurate admeasurement. 
One* of these tubes was left empty, in order to ascertain and eliminate from iha 
rt»ultf Uic effect of 8olubiliiy. Into tlic other was placed a slip of platioiied 
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HhliiMim foil, one quitrler of an inch wide. Tins blrip of full was connected by 
Pftlitlinum wire wilft another strip placed in a tube of hydrogen, and inserted 
in the same vessel. After ihe circuit had been closed for two days, the liquid 
wzs found to have risen in the i;niduated tube 122 purls out of the 100 in the 
lube plHCcd by its side, it had risen one division. The tubes were allowed to 
remain several day« longer, but no further alteration took place. This analysis 
gives, therefore, 21 parts in 100 as the amount of oxygen in a given portion of 
4ir." In tliese experimenu, it must be ob:ferved, that only a sinj^le pair of the 
g&s battery can be used, as, if more be employed, the electrolyte is likely to 
be decomposed, and gas added to the compound. 

Another uscfid application of tliis intere^liog battery is the means wliicli it 
affords of obtaining perfectly pure ntlrogin. All the oxygen in a u;iven (jimn- 
lity of air may be abstracted, as well as the free oxygen contained in the I r}<iid 
whrct) confines it, and by subsequently introducing into Uic tube a little lime 
water» the trifling quantity of carbonic acid may be removed. 

With respect to the theory of ifie gas b;ittery, Mr, Orove says : ** Applying 
die theory of Oronhus 1o the gas bnttery, we may suppose that when the circuit 

completed at each point of contnct of oxygen, water and platinum in the 
en tube, a molecule of hydrogen leaves its associated molecule of oxygen 
fo unite with one of the free gas ; the oxygen thus thrown oflf unites with Ihe 
hydrogen of the adjoining molecule of water, and so on until the luat molecule 
of oxygen unites with a molecule of the free hydrogen ; or we may conversely 
assume that the action commences in the hydrogen tube.".... "There are one 
or two other theoretical points as to which the gas battery offers ground of 
interesting speculation; the contact theory is one (-168). If my notion of that 
ibeory be correct, I am at a loss to know huw the action of this battery will be 
found consistent with it. If, indeed, the contact theory assumes cont«ct as the 
efiicient cause of voltaic action ; but adroit thai this cim only be circulated by 
chemical action,! see little difference, save in the mere hypothetical expression, 
between the contact and chemical theories : any cuuclusiun which would tlow 
from the one, would likewise be deducible from iJie other. There is no observed 
sequence of lime in Ihe phenomena, the contact or completion of the circuit, 
and the clectrolytical action are synchronous. If this be the view of contact 
tlieorists, Ihe rival theories are mere disputes about terms : if, however, tlie con- 
tact theory connects with the term contact an idea of force which does or may 
produce a voltaic current, independently of chemical nclion, a force without 
consumption, I cannot but regard it as inconsistent with the whole tenor of 
voltaic facts and general expenence.** 

In a postscript apfMjnded to thi:i paper, bearing date July 7lli. Mr. Grove 
details some further experiments, Ihe tlicory of which seeuis at present by no 
means clear. On repeating the Kudiomett tcul experiment alte;idy described 
with an apparatus in which the exietnal hit wus shut out, it was found, after 
the evpiratum of three days, that the volume of gas in the air tube wliich had 
Meviously contracted had now uurtasai and continued to do so. Mr. Grove 
H first believed that nitrogen wai titatmposed ; he subsequently, however, found 
^bt llie iucretse wa> due to the addition of hyfirttgtny and that in order to 
Atikin the cfl'ect with certamty, two points were essential; first, llie cxclusioo 
Bany notable quantity of atmospheric air frtun solution, and secondly, grral 
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purity ID Ok hydrogen ; il hence becomes necessanr, in orrler to «r- 
racy to Eadiometric experimeou, either purposely (o use connDOii t)^u<< 
ID tmploy elo«ei3 rcuels, tlie tubes of which are long und r^rrow ; and 
fitit char^^ the tubtfs with hydrogen and atmosphmc lir, !.- * 

rOBBU) in cto9«'l <:ir«Miit tiitiil all the oxygen t4 ab$1nic(e<l, and a 
Midcd by the etTcct tn tlie resulu^l iiitroi;eri ; then (o »ul 

avygenlbr the ■ -^'irogen, which will in its turn abjiinici hjdf<:«get 

lb* oitnTgen, mnd leave only pure aitiogen. This, Itfr. OfOv« ay% Vi 
<i > 4 »eiHty done with pcrrect success. 

TW Pra4^uor ikioks thai the only way at present of MicountiDg 
AMdbcleted in tbese lost evpcntnents is contrary to the views of 
Tlgud mixed gss as io a state of feeble chemical union, the effKt h 
doocid by the affinity of the nitrogvn or curbonic acid for the hyd' 
Affinity of the oxygen of the water, bein^' butanccd between the hv 
the tiquid md that io the tube, would enable the resuluni feeble affy. 
uitnitiien for hydrogen to prevail. Mr . Gro»e does not, however 
positive opinion ; the fact, as he says "that gaseous hydrogen shoui 
oiygtn fnm hydrogen without the latter forming any comhtnalion, bcin^ m 
uovcl, tluil attempted explanation is likely lo prove premature." 

(5ee Pur. 348, tt. «f^.) 

IJavfng been obligt*d to pot an end to ilie expeniuents with snlphaM it 
liiwytcs and sulphate of strontia, 1 avail myself of the opportunity affof^ 
by this Ap|>endix to describe briefly the results of these and some other sunitar 
«X|itrimenta ; «om« of the crystals thut have b«en transferred to the ^ralhfKkt 
SmI |^«H ftr« UEOeediugly beautiful and perfect rhombuidal prisms; tiicy an 
«!*>' of ibtt head of a small pin, and adhere firmly lo tlie vessels on 

iiihi- tv« bfffk deposited. The experiments have bei*D ten maolhs in 

(>iogtC9t; and could they hare been continued another year, would doubtlcw 
liaw Atniishfd most satisfactory results. Il is a fad especially worthy of 
remark, ihst the sulphates of barytes and stronlia, porticuhirly t)»e foroMfp aH 
distinguished by thtit almost total invilubility in water; wnter^ nevertheUMi 
was the only electri'lyie employed ; it consequently nppeajs thai a fnile 
rt>ltaic current possesses the wonderful power of givini;^ solubil -igat 

insoluble salts in nature, and by a scries of decomposilions ami > "O* 

of yielding them upn^-ain unaltered and in their cbaracterifttie ci^ >aa. 

The experiment in which a piece of white marble is under the n iK< "i tb» 

voltaic ctirr«ut in a basin of sprinf^ water, continues stitl in action and fr»> 
gr«sses satisfactorily, ihotjgh slowly ; the action on the positive m ' ' ■«!«* 
Tery great ; it is now, sOer len months' action, cut nearly half i! . vhr 

negative marble, and the sides of the glass are covered wilii niyrtada of 
crystols; the carbonate of strontia has likewise transferred a prodigious Quot* 
ber of crystals to the negative slate, and to the sides of th* basin. fwM 
rath«r dlikippoinled at percieiving, two or ihreo months since, thai maoy of ftke 
crystals that had formed very beautifully on the edge* of (lie 4hi(« ftrwres/ tb^ 
positiTtj crystal had gradually disapp&ired; but 1 IiareniH tioo 

in observing tlwt tliey are rc-appearing on the further side . nA 

they seem lo adhere very firmly. It was many monllis bciune auy vijiMh 



^^f« transferrefl from ilie carbt)miie of barytcs; ihey are now, however, making 
*^t appearance in numbers scattered over the negative side of the basin, the 
' < crystal is al<)u beginning to Imi acted upon, uid numerous crjtftali are 

'■J on Its siirf;lCP. 
The experiments relating to the development of acari (352) arc still going 
^*) ; the voltaic current has now been passing through the solutions uninter* 
^^ptedly for sixteen months, during the vrhole of which time gas has not ceased 
^o rise plentifully from both electrodes: nearly the whole of the silica appears 
%o be separated from ihe alcali, and is collected partly round the positive dec- 
Erodes, but principally in a mass at the bottom of the vessels: the liquid is now 
^ui(e clear. The sides of the bell glasses are covered with while spots or 
(plashes, as in Mr. Weekes' experiments, these spots consist of assemblages of 
minute crystals of silica. No acari have as yet been detected within the apparo^ 
tufl, though 1 have lately found several of these curious little insectn cm and 
6bont Ihe cells of tlie battery. On communicBiing this fact to Mr. Weekes, he 
informed me that he has had several instances in which the acari were found 
outside the close vessel sometime before they appeared within, and that he has 
always traced them to the voltaic apparatus : that an electnc current is neces- 
«ary to their production, seems proved by the fact that within arrangements 
exactly similar but without a voltaic current, they do not appear,as Mr. Weekes 
Sias proved in numerous instances. Mr. Crosse also informs me thai he has 
ascertained from long experience that two opposite electric currents will ea- 
lenr] ovnr the whole of a large table on which a charged voltaic battery is 
placed, and more especially when the extremities are connected by only imper- 
fect secondary conductors, such a« lihcate of potash, &c. In this case a drop 
of water overset on the table, or any splash, or even moisture would partake of 
the electrical action. 

While on this subject I avail myself of the permission kindly granted by 
my friend, Mr. Weekes, to notice some of the experiments on which he is at 
present cngu(*ed, and which cnnnot fail to be read with interest. "In some 
of my recent experiments connected with this curious inquiry, after swarms of 
the usual acari liad appeared and continued for three or four months, a host 
of other insects followed, and very shortly after, «// the acari disupfttartd . I 
am not quite certain, but 1 think they were tatcn by the new comers, which 
are altogether of another genus ; but as I am not much of an entomologist, I 
cannot pretend to assign them a proper place in such arrangements. This I 
know, they are very strange ciealures; so swift too, on foot, tliat I could 
only secure one specimen, uliich 1 have preserved for microscopic examina- 
tion ma drop of Canada brdsam The experiment was an op<m one, 

that Is 10 say, tiie solution from which the acari were developed, was exposed 
to the atmosphere under a close screen, and the whole apparatus in perfect 
darkneia. It is possible that the appearance of the creature lai»t mentioned, 
may be uncoimecied with electnc action in this experiment, but there arc 

various ctrcumsuinces which lead me to im opposite conclusion." " My 

^hlperimenls on the decomposition of sugar in solution by means of a voltaic 

^Bpftmrnt are progressing beautifully ; one experiment has now been going on 

fourteen rnonth>4, and the cirbnn of the Bugar is attached in abundanci; to the 

positive platinum wire, in a most beautiful foliated form. The solution is 
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pteeed in a cyliodncal gUM vomI liaHaf ft pmam bottom of hiktA ouAr 
ikroogli irhUrh 6ltratuni incessftoUy goes oo. Tbc cmvcnl pnoadt fan ft 
water bouery of twentjF-five pain, and as it cootiaaMs to wwfc ftilMcnUj« 
I ihall let the experiment go cm some tkme km^er* T^ <l < cmJM 4$ (hi 
extremities of ifie {>)aiina wircA ftr« of hftrd gM cftrboo, bitl iWif nc ab amth 
obicured in a dark brownish cloud, that unltfti I «cfe lo dtstorb dw ptomd* 
log; I could not deichbe their pmest conditio*!.'* 

lo a recent comrounicalion, Mr. V\'ef4e» has faroured mt trilh tbc dHftib 
of ft remarkable expenmeot in fricuooal Etectricttj wlud^^ at n is new {Hmt 
at least), I «ha]I here describe. 

** A friend at WasbiDgtoo has given rae the particuUn of a 
evperiment in rhctional Klectricity trantlal^ by lun ^rocn a paper bj 
of Linz. Last night (lOili Norcmber, 1M3), about eleven o'ck>ck, dio 
being east, a beautiful and uniform current set in from my atmospberic 
rauis, and laited nearly two hours. Thit enabled me (pfobftbly for tkrfim 
time under lucfa circumstances) to try tlie expenment witb tignaJ 
Petrina's experiment consi»l« in charjiog a jar of a loot sqiaafv 
coating from a plate machine of about thirty inches in diswettr by omssgC 
the inductive power of the tlame of a candle, tlie flame being broogbl is cno* 
tact with the knob of the Jar, tlie coating of which was in comn«nicfttioo wMb 
the earth, but placed at the distince of lix or eight feet from tfiv norMar^ 
instead of being in contact or nearly so with the prime coodoctor. It is odvi** 
able to remove the flame from the ki»ob of the Jar before oeasixtg to lam (be 
ooacbinc, oiherwiK the Hume subsequently acts the part of ft d tu b igtr , 
Petrina fays, he obtained dutinct indicatioD» of a charge it iKc diaiaacftof 
twelve feet from the machine. In my experiment last niglit by mesnaof an 
fttmo0pKeric current and a two-gallon jar, the knobofwhicb was plaeed ift 
contact with the flame of a tallow caodie (six to the poood) foortc«a MM 
removed front the terminus of my apparatus, mtoi $pont9nrtHt» iU*c^srgia Isoft 
place withmJotiT minutf$," 

(Stt Par. 638.) 

I am informed by Mi.Tylee,Ctiemi9t of D^th, that th« i«rfeitriat halitfy 
is a()mimbly adapted for clectro-pUting pur|>05iM. The articles covensd in 
tills way, (a weak solution of cyanide of silver being employed.) do doc, ba 
says, peel off like those pUted in a strong solution, and by a Soiee's IjolNvyi 
the time required is of coiir^i^ much longer. Mr. Tylee hasbuned a acritt 
of thirty pairs of zinc and copper plates in hu garden, and by bringing ihs 
Yfites attached to the terminal plates into his labonilory, ! ' ' '->" 

plating apparatus constantly ready for sction. He tnfonns nu rv 

found the slightest variation u\ the power of hu baiiery (,. ■• 

detlection of tbc magnetic needle) since be first arranged it, i _ • w 

lo make any difference whether the earth is perfectly dry or saiiira1«ij wUli 
moisture. Mr. Tylee has also Wimmunicated to m« a •■— -...r- ^^ 
excellent roetliod of depositing a tut face of copper on ttu i% 

is wtiU known, become io*laaLly discoloured wIikd tni:. j- 

lic>n. He dissolve) 2 os. of cyunide of potaismm u >.Ji 

adds as mtich oxide of copper as the solutton wiil lake m^: Use m 



AJ»PK»DIX. 



-1^3 



10 be coated is Uien made the cathode of » voltaic pair, and imineracd in llie 

ctipreou«5olmion,a piece of cojiper formint; llie anode being likewise imroersed; 
llie mediil «pcedily receives a brilliant copper corering, vphich does not subse- 
(^ueiiily tarnish, and it can tlien be used to receive a thick deposit of copper 
ill the ordinary electrotype apparatus. 




(See Par, 697.) 

Tlie Rev, Mr. Lockey having kindly communicated to me a drawing and 
description of nn ingenious electro- magnetic signat or hfU-itriking apparatus of 
bis invention, I feel much pleasure Fro. 272. 

in hire giving it publicity, Ou the 
base lK>ard S, (Fig. 272 ) is fixed 
Ihe elect ro-magncl r, rf, its terminal 
wires «, 6, pass through the base 
board and lend off to the poles of 
the exciting battery. The armature 
*, is prevented from actual contact 
with the magnetic poles by an inter- 
posed piece of leather. The arma- 
ture is capable of slight angular 
motion, (f. f.. like the lid of a box,) 
the bar to which it is affixed being 
centered at / and g. At the end 
towards / a toothed segment of a 
circle A is 5xed, which, when the 
armature is attracted by the electro-magnet, traverses in the direction of the 
anow near h. Tlie toothed segment acts on tlie pinion whcfij i. (In the 
axis of this pinion, and at right angles to it, is fixed the arm k^ carrying the 
hammer k. The stroke of the hammer is given on the central stem (and 
interiorly) of Uie French belUspring n, n, n,a piece of leather being dove-tailed 
in the edge of the hammer to give mellowness to the tone, which, if the spring 
be about five inches diameter, will have the effect of an abbey clock striking 
at ti di«iiance. Tliis spring is firmly hxed by a square piece of brass to a 
block of wood at o, this block being also firmly attached to the base 
board. 

On the contacts with the battery being completed the armature descends aud 
the hammer is withdniwn. Contact being broken, the hammer stroke is given 
under the influence of a light spiral watch^pKng contained in tlie box m. By 
means of a ratchet wheel and culch at the bottom part of the box /, this 
spring can be slackened and trghtened, and thus regulated exactly to the power 
of the battery used. Tlic ingenious mechiinism of this part of the apparatus 
was contrived by a talented young wiitch-maker of Bath, Mr. George Wad- 
bam. By means of the contact breaker (645) applied lo the bel Wiammwr of an 
ofdiDar^- eight -day house clock, this apparatus will synchronically strike the 
hours in any aportinenl of the house in which it can be intcrjtoscd in a gal- 
vanic circuit. 
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5ii?r--r LTsr -Aex expense^:* '415-420.1 the duecton of the Polytechnic 
I^sr. Titjra i4r£r=.^£*i :•- c^rfirorjar a nudiine on a large scale for the 
T'L— »?si :•" -^x.zL.z:r Z.le;:r:-:T Vt ibe etcipe of steam, and nnder the 
SI :•*-! ■;-•■: i-ri;f ::' Mr. A-n>'jr:.-c. is*_r*-i br Captain Ibbetson, the " Hydro- 
!!■!■:-•; !ii:;i:rf" »•£* i-:».i-ei isi r'.icei in the theatre of the Institatioo, 
»T':-5 :_« .:« ti-jTf:ri.zi--T >;wrr :: r;w da:!; excites the astonishment 
.V X.- w:i: :•*■!.:•.£ :*- Ti-e r*7re**-uti?a ia oar frontispiece was taken 
rr-s i:tf -^^rz^-rt ua'J :r i:.* t^r.i 7»=r=.:s*:3n of the direciori — by the aid of 
-t.s L.:-; i:.i 5: Tj:»,T.r i«4cr.T -r-z, »= ir:*: to icake it tolerably clear to inch 
:r" ;.:.- '^hi-i'^ a liT-* i.;c -fir. iai the oT^pr-rtunity of seeing it and hcario; it 
Ti»:t^ l: "7 :»*»."-.:•!•; "rj rVrfssK-r Et:"*:5::er. The machine consists of a 
-- :<; -'.-I -ii^ri**: :•:._••''. *. - j^ :_ ::n=. z:> i fieAS-ecrlne boiler, constructed 
,v *:ii -\jsi -. .:. ^..'DL . -.u fT:r£r:-£ ^£i:rii » T jV*t6 inches, one foot of which 
>ft.:c -vri-.ifi : ' -Jt'i *T:f;t- :•»— ":*r. —ixes the ac:aai length of the boiler 
-.: * : ':^ f i-;:!?^ .'J i .L=«sttir :* S fe^: f :a:'rre*. The furnace and wb- 
!i: £ i.-^ ^:«:! -^ i:..: ■.:•; 'rci-fT. l5 *?=- :- :h* r.^re ; when ii is required 
i .-^. . j: f\." iTf ^Tts -:i: - L n-s'L fcri*^ :s read:';; p'.acc^l over these; by 
.•'• *.:: :* -:< rxT » **»ei "-":•• ^I'tr-rij*:* a:::! fl&ei-raUe. On the top of 
:••: :»: :• i-'£ -:.-:..•; t"iir> :u *:t_-* If-rph tre forty-six l»ciit iron tubes, 
?f*: :.i'. "c r. _'3-'^4 r.t« .rr re.*;...!^ 5-:ir»;i ip^n-res atd t'ornjei of Paitridge 
»-.■»:»;, • : ".: f\T«e'-:'.-- :.a *^:«-:: iSr. Ar=acr;-S2 ts be the best for the pur- 
TV^^ "v:: .*>ts* ::>* >:«.- -.r*-.-;s — •i:'= u:*** *""^ ^^— **-* common pipe, 
*!..' -- ; » .:.; .: •■-. -: iz.i i".f r.'T- ,: ji*.*! w/.h :*-* b-:-:!*.' by two 
: X ■? :« :' * :: :- fi-;-; -.i- *:ii-: -.; *:— :"fi e.uirr ::■ tr.e w'aole or part 
,v ■; :.r'j- : : y'li- ;•:.-- jii: .f ;: li— :::*•! 'ry ri.»i^; cr lowering ihe 

.- ..-;■- .: J s:.'; »-'*- '- *•' -^~ '•■--* '•'- rri-f^r*. i-i c:'«!i= t^rm on one 
s.-; » I .-i;- ;■:';: -r i .-: ;3:.:y-;i ::: ...-*■:.-*:-; & c-;:u:r. cevIaLical 
;■» : i ;■ . -: : '. i.:; :•- "_r r ".. rr i .:*!*; vi.Tr :c-r l.^^riiiiij rhc 

>.. ■•;•: :..-...■ .- .:* n\.-'-- i^vrri^f :: rri-s?-^:i. A: :■« tur.her 
;v . ■■ : . . >: ;■ > >7--r :* £ •'.'_--:.-: r-= :: ihintTy. s^ c-:r.:r.Tti :'iiT cy 
■ ; i . ■ . :^ . ; .. :. --•;■: » i . :, ;■ 5 -tt-st z-i:: cir. r« ri;**i iii aiie 
..- > . •>.•!. T :.: :- i tr.ss.-.-T*: *■: :.? :: '.ii^i :*.c -*: '.-- iz.:.:v\\- 
^. . i>.: T. .-: :-::.?r -:-_:.<-•.>?...; ue rii it.:* :' l-ii*., :■:■=">:■. It; li 
»:v... . V..V.;. ..". - ..': »■: = :* f-vr'.T.ii .i *;i ?'.:-i: r'.i55 l«5 jj -.-.rhrf 
. 1 .:;■ . .. .■■:-. ■;-.: ..— ;. I- :'-.r: ::' ;■ -. j-j-.ss. L-i c;Te::zr :r.r r-ei-.r 

-.''•> ,- ■.-:..: . .•-■ ■* •':: '.' i 7-".x*i -"" z:'.i-:..:.z lir E.-::::.:.:j •'::■=: the 
*-s\U\i •.•„■..•. -. :.: :. ;■ .i v^"* :": '.* 7i"..r^:- ; ": rc*;::« :"•:■= t**/-".': r.-::: o:' :\c 
^*'--* :'f .x-\ > <v -v"-r . vi :' i: : -i- :•= Jri»r. o-'. •;: .:;. *-:■ js :;• l-r rj 
IV jx* '■:* '-li^: ,-- -"_r;r-,- :>.-■. ::t _i:> .""s'.iir ; tit =::-L.:r. or cpn:-..r* can 
* >*.* >; x :..r\'i w .:.' .>: ri'-.'^fr. i* *.?f- ::: ; _: c_:: ij ;it-K c:r.:r;TiriC« 
< -'■;'-•«-,: 1".; : -.i-* :* ,-:;ri >:i-^ .* jr-vJy - >f rdi-i. A ;V.i and s-x*e:- 
>*"'•• •■".*.x-;\: ».;'^ i *.- ,: c.ii^.i.rj r,-»;, hi* 'iu'.y bctr. iJieJ tj- t'.e 
"•Ac.^.:»> 5^> i:*^; i.^ ..^ ,.j .-.^ F:eci:.:;:y cir. be readily ccDveyed !o the 
>• of i;'para:^s L«»i :? exi;b;t Tijicus pKeoomena. The pres- 



»ur« fti which the machine is usually worked, is 60 lbs. on the square inch. 
As It iti now fully established thai ihe Eloclricily of the Hydro- Eleclnc Ma- 
chine is occasioned by the friction of the particles of water (4ir)» the laller 
maybe regarded as the glass plate of the coiuinou t:lecirieal ttuichine; the 
pttrtridge wood as ttie rubber, and the steam as the rubl>ing power, I'lie 
Electricity produced by this engine is not so remarkable for its high intensity, 
as for its enormous (|uaolity. The maxinautn spark obtained by Mr. Arm- 
strong in the open Mir was 22 inches; the extreme length under present cir- 
cumslflnces has been 12 or 14 inches; but the large battery belunning to the 
Polytechnic Institution, exposing nearly 80 feet of coated gloss which under 
fivourable circumstances, was charged by the large plate machine 7 feet in 
diameter, in about 50 seconds, is commonly charged by the Hydro-Electric 
^^^ngine in 6 or 8 seconds. The sparks which pass between the boiler and a 
^^Kbductor are exceedingly dense in appearance; and especially when short, 
^^BlDre resemble the discharge from a coated surface than from a prime conductor. 
^^^hey not "oly ignite gunpowder, but even inflame paper and wuod-sliavings 
r xvhen pKiced in their course between two points. In the 151st number of tJie 
I'hilo^ophical Magazine, a scries of cleclrolylic experimcnis made with this 
machine are de»cribed by Mr. Armstrong : true polar decomposition of water 
was effected in the clearest and mo&t decisive manner, not only in one lub«« 
but in len different vessels arranged in series and 61Icd respectively with dis- 
tilled water, water acidified wiih sulphuric acid, solution of sulphate of soda, 
tinned blue and red, soluliuti of sulphate of magnesia, he. &c., and the gases 
were obtained m sufficient qunntities for examination. 

The following curious experiments are likewise described ; — Two glass 
vessels containing pure water were connected together by means of wet cotton ; 
on causing the electric current to pa.%s thruugh the glasses, the water rose above 
its original level id Ihe vessel containing the negative pole, and subsided below 
it in Ukai which contained the positive pole, indicating the transmission of 
water in the direction of a current flowing from the positive to the negative 
wire. 

Two wine glasses were then filled nearly to the edge with distilled water, 
and placed about 4-lOths of an inch from each other, being connected together 
by a wet silk thread of sufficient length to :illow a portion of it to be coiled up 
in each glass. The negative wire, or that which communicMled with the boiler, 
was inserted in one gloss, and the positive wiie, or that which communicaled 
with the ground, was placed in the other. The machine being then put in 
action, the following sin|;ular effects presented themstdves : — 

lif, — A slender column of water, inclosing the silk thread in its centre, was 
Histanlly formed between the two glasses, and tlie silk thread began to move 
from the negative lowardi the positive pole, and was quickly all drawn over 
and deposited in the positive glass. 

2nd, — ^The column of water after this continued for a few seconds suspended 
between the glasses as before, but without the support of the thread ; and when 
it broke, the Electricity passed in sparks. 

3rd, — U hen one end of the silk thread was made fast in the negative glMS^ 
the water diminished in the positive gUss and increased in the negative one; 

Cwiug apparently Uiat the motion of the thread, when free to move, was in 
rereriMt direction of the current of water. 
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nth,— Bj **«ti— 5"g asoK putScks of dnlvpM Ae nu&ce of the«aier,it 
TO aooB perceived bj their motioos that there were two opposite CQnents 
pissing between the glasses, nhicfa, judging from the action upon the sift 
thread in the centre of the colnmn, as well as from other less striking indica- 
tions wefc condnded to be amc^mtric, the inner one flowing from negatire to 
positive, and the outer one from positive to negative. Sometimes that whicb 
was assumed to be die ooter current was not carried over into the negative 
glass, bat trickled down outside of the positive one ; and then the water, insteid 
of accumulating as before in the negative glass, diminished both in it and in 
the pc»itive glass. 

5th, — After manj unsnccessfal attempts, Mr. Armstrong succeeded in 
causing the water to pass betvrem the glasses, without the intervention of a 
duead for a period of several minutes, at the end of which time he could not 
perceive that anv material variation bad taken place in the quantity of wster 
coDiained in either glass. It appeared therefore that the two currents were 
afdr/v, if not ctaclly equal, while the inner one was not retarded by the friction 
of the thread. Mr. Armstrong likewise succeeded in coating a small silver 
coin with copper; in deflecting die needle of a galvanometer, between 2(/° aod 
30^; and in making an electro-magnet by means of the £lectricity from this 
novel machine. 
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ERRATA. 
Jk^hir ffflMXr Kficto ttat tte MknrlDc Emte «Maptd Urn vUlit eomed^ < 



10, 18 tiM* froa boUOM, teaffrf tbv, a/V«r witlu 

1^ II linca fnm to^ rwri Mm " tfamt the mataAl BttmetloB or trfniaitm of tm 
tfectiified bodin b dinetlr praftoctioinl to ibe qnantitjr of ctecUicUr oa IM 
oM M«tttpUed br tbf qsutitr of titctriatj on tta oChar. bmI Ut«>m17 
pnporTloii>l to th« tqaara of Ibc dlfbaee I w tw— than. 
tt^ IS Uses tnm toyi, /#r aeqaiml rvod aeqiilre. 
>>, 17 U»» ftoa tDp,/#r body rmd bodks. 
SB, r Kaa finw bottoai, /rr ElccCrfcMM raotf Elaetridtr. 
4Bv S tiacB froa lop, /pr pbMomtnnii rtmd ph eo o — o o. 
40, SUoesfhn bottaB,/*rtakeraMf t^ea. 
67, 16 Um» Croai boOoM, Jbr ehu(vd roMi ebarged. 
te« a Ums fkoH top, /cr iBicTrapCed nod onlBtarrapfead. 
IS. i linn froa lop,/»r WooOastoa remd WoUacton. 
lat, 17 linn froa lop, /^r Boolocne phuI Bolof^ 
las, ao lines froBi top,/or gam* read gum. 
lO. 14 liBct froM top,/or vttta ball read the pitb balL 

144, 8 Unea from lop, tha ftaieiMnt t^t do pbyiialofical or cbatnieal cAeeta baft 
been oWaioeii fro» tba colaam U tnconvct ; Mr. Uaialot haTlnc aacoeedad 
la cbarKliig a Vejden batterr, ami im dttoompo^iit lodlda of poCaMtna, 
Mt» {946}. 
ISO, 17 lioaa fron top, y#p hole rtad pola. 

102, 4 liDca frocD bottofD, erau the aniteMa "Tba wlraa corared with ropM, wan 
Kpmd upon the platloam, which becama rad-lMrt wbn tba alaetricat eomftt 
trarerMd iu" 
100, 17 linn from top, for than erm read that orer. 
IDO, 14 Udcs from bottom, for particles read partlda. 
831, 13 Ijnn from top, /or Cjano^u read CfaaofVB. 
SSO, 4 tiOM from bottom, for colderinK read silTtfinc. 
SM, 10 lioet from top, for is read are. 
S80, 13 liiMfl from top, /or qaality read eqaaUtf. 
990, 51tliea from bottom, for 9-30 read 1-30. 
802, 15 Unas from bottom, for were read wmt. 
83D, 7 Uoet from top, for Ironmooger'i read ImnoBger^ 
881, 84 lines from top, for are read is. 
303, IS llnea from bottom, /or currents read conenL 
409, 17 lines from top, for lutphate read solphite. 

n Pig. 9, Paga 10, the condensing plate is shown u fixed to the cap of the Inatrameot, 
«nd of which it ought to b« attaebad to the upper dUk, and tha otbar place imiaad to 
irraspondlng height. 
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BY THE SAME AUTHOR. 



tn 1 Vol. avo., bi)0 pApefl, IlluBtmied hj 106 Wood Cuts, and a lai^e folded 
Tabid, ^ving a G^mttrnl Vidir of Ui« M«uU, &o. 

Pric* I2«. 6(f. boardt, 

TWELVE LECTURES ON CHEMISTRY. 

In which are diacusaed io a popular manaer ibe following aobjacta : — Historical 
Sketch of the rise and progT«aii uf the Scioace j Heat ^ Affinity; The AlomiQ 
Theory of the Lawa of Definite Proportion ; The Undecomjtounded Suhstaoces 
witli their mo&t tiD|K)rtant Combinalioas ; Anoljaia, Organic, and Inorganic j 
Cbemiatry of Agriculture, &c., &o. 

'* A work compiled with much care and industry, and in erery way adapted for 
Elementary Study. It has oar cordial recommendation." — CtiRMisT. 

'* These Lectares are elemoatary and especially practieal ; whether treating of 
the Science in its rarious opplications to the arts and manufactures, or to that new 
field crenttid hy the genius of a LieUig, and which promises to be of the most 
essential serriceto the human race, — we mean AgricuUurt. We are glad that 
Mr. Noad has devoted so much apace to this important subject irhich is rery well 
discussed , . . the whole is written in a pleasing, fluent style, and ws can 
heartily recommend it to the geuenl readeraod student." — CakMiOAi. Oaxstts. 

" Besides being exceedingly clear and judicious in the matter, it appears with 
all the adrania^es of a careful luid «ven eUffant lypograpliy." 

ExTftACT rROH A LtTTiH raoM FnorssiOR GasHAU. 

" Neither too trite to be instructive, nor too scientific to suit the general 
student. . . . We think the wurk calculated to be very aseful." 

PhaSHACKOTICaL JOUftKAL. 

LONDON: 

8IMPKIN, MARSHALL AND CO., STATIONERS* HALL COURT i 

«ivO COLD art 

GEORGE KNIGHT AND SONS, POSTER LANE. 
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A E BATED WATEBS. 

AXn TSB TAUOrS COMHKrXIkS OP 

CARBOXIC ACID GAS, 

BT StEAVS OP 

BjiKEWEiL'8 wran* JimR^ 

Br ROBERT YENABLES, A.M^ MJ3. 

" Tkim fittlp wovk ■■ a mock «xreDcBt pnctinl guide to tk« uaociatioa of ew- 
bonc f ¥< vidi oc^er ■ritirini, and to the gmenl phunaceatical md tlien- 
^m^.'oad sffficarHB ci tkis kmL Ik is well wntteo and fbUy explanatory ; ud 
■ack kboar a^ can kare back be tto wad opon it."— Cbuiikt, Sept. 1843. 
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BAKEWELL'S 
PATENT PORTABLE APPARATUS 

roa TBS paODCCTiOK or 

AEBATED WATERS. 

Mjtyrr^CTt'acD only bv 

GEORGE KNIGHT AND SONS, 

FOSTER LA>'E, CUEAPSIDE, LONDON, 
WBO HATS BKEN APPOiyTCO SOLE ttCENSEES. 

The exteosiTe and tncrwasing demand for Soda Wtter renders it tctj desirable 
t^at this extreme'.T irbol««oine and retreshing beverage tboold be attainable at a 
le^ cost, than it can at precent be sappUed, oving to the eipensire and cumber- 
some apparatus bv which it has hitherto been manufactured. To families in the 
cvuntrr. but more e^peciolW to residents iu hot climates, the wmnt of a readj 
method of making Soda Water has long been felt, Manj, therefore, hare re- 
course to Soda Powders, in oaing which, both the Soda snd Tartaric Acid are 
taken, of neeessitj. into the Stomach, while the water impregnated with the Car- 
bonic Acid gas is alone desirable. 



PART HI. 



PHOTOGENIC MANIPULATION, 

tning Plain Inatruetioas in tha Thnory and Pnctice of the Arta of Plioto- 
}gr%[iUy, Cftlotypo, Cyanotype, KerroU'pe, Chrygolvpe, Antbotypp, 
DuguerreotypCiQnd TUermo^rB{ihy. 

Bjr GEORGE THOMAS FISHER. 

Uliistr&tcd by Wood Cuta. 

"This "Hand-book," wbicb fonunoaeora lerteA of Manipulntions in the 

sieiiiifio Arts, contains omple and dear instructioufi in ttio Uieorr and practice 

''the rnrinos processes by wbirh tnudern discov-ery boji obtained durable tmagca 

^t*^ '-■ emitting raysof li^bt.^and in this small manual each proceaa ia 

f< ' Lirly explained, so Llinttbe amateur may safely proceed witliout further 

tMrui-UHiirt."— WllSTMIJiSTia UlfflEW. 

*' One of iho most comprohensive of ibe many treatises wbicb hare been pub- 
"^liahed on the manipuhitiou of the new arts of dctiipi." 

CiTiL EMCiviiiit AND AncaiTEcr's JotinNAL. 

** A useful lililo manual contaioiog practical iiifltruction in the arts of Pboto- 
prapliy, Calotype. Dagufcircolypo, &c., iUuHtmted with numerous wood-ruts." 

ATllKNrUM. 

''An anprptcndin^ work, but conlnininf; much instruction in rulutiou to the 
Ca]ntvp**und DnguArreotvpt*, bcAidea uulices of theCyanotype, l^errotyjM, Chrj- 
sotypn, Atitbotype. nnd Ihermography." — Litkrary Oaxktte. 

** A very excellent little work, and one which those who desir« to proctiae any 
of the processes mentioned in the title, cannot do belter than putchaae.** 

CriEMItlT. 



iTie whole of the Apparatus. Instruments, MntvnaiR and Teals describod in theae 
and in varioua other Worka in tbu iutr«ral brnnchea of experimental Sctenoc, 



GEORGE KNIGHT AND SONS, 



MAITVVaCTITftKRS OV 



(MlEMICAl. AND PHILOSOPHICAL APrARATUS. 



AT TUaiR aXTlWSIVB 



WHOLESALE AND RETAIL ESTABLISHMENT, 

FOSTER LANK. LONDON; 

If whom aUn mny he oblaioed, price li. 6d. ft Catalogue, with Prices attached, 
id illusirated by upwanja of two hundred wood<cuts of Apparatus necessary in 
le study of 



cnCMtVTRY, 
ILI-CTOICITV, 
n^tVAMISM. 
MAbHailSM, 



OFTICa, 

rwir MATINS, 

IITPROBTATIrt, 
IIYOnAt'LIOf 



MtCUANlCS, 

MVI tOROLOOT, 

MiMcnAtmiv, 
ccninnv, Aac. Ate. 



CA^mltal rati ttnd R^tifftnit: and tkt vtrriouM Metatw, Eartht, Ontt 
and Aftneraf* emytof/rti in tAt Artw, 



•olittlsltboiiriaz«qiiidtaiiiwofUngit,tlMt a tm d mn mB^Bmmmjhm 
to it wiA om finger. Am at* intanal eoatiag ooouli 
few of tbe aented mter being impregneted wiA aaj 

" Th» ^pperatns ie eleo eppUeiUe to tlie pupoea of ■aUiig 
Fluid MagneuK ; end ■• menj medieinee ue notr being eMnrieted widi eubuaii 
•eid, dniggUte will and it vary oeefiil in a pbaaneoeotieel poiat of rioir. 

" To printe ftmiUee. the medicil profnerinn, phtrmnoiiitioa} o tww i i i fi, and 
reteilen of eode water and olber aisxatad bereragea, tUa Baohina ia invalaaya, 
and we piopheaf that, in a abort Ume, finr reapeotabla bovaaa wiU ba witlMot ooa. 

" We taated aome looionade and acme aoda water p rap ai a d In BakewaD'a Ap- 
paratna, and we aaanre oar readeia that it eqoallad any odiet wfaieh wm «rw aH»t 
with. 

*' It will be qnite a boon to thoae who raaide at a diatanea from large towot, 
and to thoae who reaida in hot eoontries. No one who ean afibrd it, will do with- 
out aach a Iaznr7."—THB Cbbhut. 

" We troat thatnot a few of oar raadara wiU be interaated in bearing that a 
cheap and practioable meana ia now placed within their reach of obtaining a ooo- 
Btaut Bupplj of thoae refraahing and cooling drinka. Soda Water and L«Donade, 
which are at the aame time ao condueiTe to health daring the aommer. B/ Bake- 
welVa Patent Appantaa, Soda Water ia prodnoed at a coat oonaiderabl/ ander 
Sixpence the gaUoo^ and we 6nd it equal to anj other in quali^ and puritj. We 
beUereit to be one of the moatnaaful patenta recently obtained ; and doabt not 
to aee it gradually iotrodnced aa a part of the ' battirU dt wUmtgt ' in evarj 
well-eatabliahed hooaehold ; the manipaUition ia ao eaay, that a aerraut muat be 
dull indeed who cannot keep a good supply of the aerated cootenta alwaja ready." 

POLTTBCnHXC RSTIIW. 

" We hare juat seen the very ingenioua and umple machine for bottling the 
Soda Water, Sec, prepared by Bakei^l'B Machine ; it ia exceedingly easy of 
management and admirably wiapted for ila purpoae. Dm^^iiats may now make 
tbeir own Soda Water at a moet inaignificaut expence^ equal in qoality to that 
made by any other plan."— CusMiar. 
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